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PREFACE 


During the last four decades, since the attainment of independence in 1947, notable progress has 
been made in all spheres of developmental activities - social, economic, industrial, and political. In the 
health field, considerable progress has been achieved in the promotion of health status of the people. 
Smallpox has been eliminated; plague is no longer a problem; mortality rate per thousand population 
has been reduced from 27.4 to 14.8 and the life expectancy at birth has increased from 32.7 to nearly 
58. We have over 700,000 doctors covering all systems of medicine; approximately 600,000 beds in 
8000 hospitals, 14,500 primary health centres, and 1,10,000 subcentres. Significant indigenous 
capacity has been established for the production of drugs and pharmaceuticals, vaccines, sera, 
hospital equipments, etc. 


Nearly 500 colleges and schools produce annually over 50,000 medical and paramedical personnel. 
To meet with the health care needs of approximately 1,680 million people in India by 2020 AD, the 
manpower and institutional infra-structure will increase four to five times. 


In the last two decades, tremendous advances have also been made in medical technologies, 
diagnosis and treatment all over the world, including in India, which have improved the health and 
quality of life of people in India. Health professionals and administrators in India-in public and 
private sectors - are greatly interested in the effective utilisation of modern technology in providing 
efficient, qualitative and cost-effective health care in India. As India moves towards the 21st century, 
rapid development in production and utilization of modern technology in the medical and health field 
will take place. The professionals and administrators will be charged with the responsibility of 
effective and appropriate adoption and utilization of modern technologies. For this however, they need 
to be informed and educated about the availability and utilization of these technologies. 


Keeping in view ISHA’s objective of development of health professionals and systems towards 
effective health care in India, and realizing the above needs, we are happy to bring out this 
SOURCEBOOK OF MODERN TECHNOLOGY FOR HOSPITALS AND HEALTH CARE, to provide 
comprehensive and authoritative information regarding current clinical, analytical, diagnostic and 
treatment aspects of medicine. In addition to its medical core of about 30 papers covering all major 
aspects of medicine and surgery,the SOURCEBOOK covers supportive and administrative services 
relevant to medical and health care, besides providing listings of reputed manufacturers and suppliers 
of products and services for the various specialities. 


We are thankful to the noted experts and professionals in India who warmly responded to our 
request to write special chapters for the SOURCEBOOK. We are also thankful to editors of 
HOSPIMEDICA, LAB MEDICA, and MEDICAL FOCUS and through them to the various international 
experts who encouraged us in the preparation of this SOURCEBOOK. 


We are grateful to Mr. R. Chandrasekar, Medical Devices Consultant, Bangalore, for all the advice 
given in the planning of this book. We are particularly grateful to Mr. Keneth Menzies and Mr. Perry 
Menzies, proprietors of Adverto Advertising Agency, for their creative guidance, and assistance given in 
the promotion of the SOURCEBOOK to manufacturers and suppliers of modern technology. 


Iam extremely grateful to my colleague, Dr. Sudha Xirasagar, for providing excellent research and 
editorial assistance. I am equally grateful to our administrative staff - Miss Nirmala Naidu, Miss 
Nandini Upadhya, Mr V. Manoj, Miss Shashi Kala, Miss Shubalakshmi and Mr. Narendra for their 
excellent secretarial assistance. I am also grateful to Mr. M. S. Nagendra, Proprietor, Yem Yes 


alates for planning the physical aspects of the SOURCEBOOK and for quality printing under tight 
schedule. 


I am especially grateful to the leaders and executives of organizations engaged in the manufacture 
and distribution of modern technology and equipment for choosing the SOURCEBOOK as a medium to 


share information with the health professionals and administrators to plan and develop modern health 
systems so as to provide quality health care. 


Ashok Sahni 


FOREWORD 


In the domain of modern technological support to hospitals and primary health care, for the im- 
provement of quality of health care, information technology is one of the most universally needed and 
utilized. With the astounding explosion of new innovations in this area as this book details, the issues 
relating to appropriateness assume an ever-increasing importance. The World Health Organization's 
goal of "Health For All", with its stated strategy of Primary Health Care (PHC) warrants even more, the 
appropriate use of the potentials that information and communication technologies have to offer in or- 


der to ensure equal access to quality health care service, within the various general and specialized 
care areas. 


The WHO Programme on Quality of Care and Technologies is stressing the importance of informa- 
tion technology in all aspects of care, hospital care, primary health care and health education. 


A clarification of the term “appropriate technology" is perhaps in order. The report of the Interna- 
tional Conference on Primary Health Care, held in Alma Ata (6 - 12 September 1978) defines "technol- 
ogy” as an association of systems, methods, techniques, drugs and equipment together with the people 
using them. The same report explains appropriateness as being scientifically sound and at the same 
time, acceptable to the people who apply it and to those for whom it is used, in keeping with the local 
culture, relevant to local needs, capable of being adapted and further developed if needed, simple and 
easy to use, and possible to manufacture locally at low cost. Our emphasis is not just on the use of 
appropriate technologies but also on appropriate use of technolgies. While the meaning of appropri- 
ateness may be interpreted differently by various authors, and criteria have been identified to help us 
measure this entity, we would like to point out that in most cases the appropriateness of a technology 
to a given situation is determined by the way it is used. Thus, advances in both diagnostic and thera- 
peutic applications of new and existing technologies require testing, using common protocols, to allow 
for comparison of results in various settings. The standards for comparison should be based on medi- 
cal and health outcomes, including patient acceptability and satisfaction as well as use of resources 
and functionability. The use of appropriate information systems, to collect, analyze and feed back 
data on these measures to the relevant parties is for ensuring and developing quality of health care 
services. 


Irrespective of the stage of development that a country is in, every health care system needs an ef- 
fective and efficient information system. Every possible technological help that can provide this sup- 
port and ensure a good mechanism for monitoring and evaluation of the health care services and their 
impact, is absolutely crucial. BUT, by simply placing the technology at the disposal of health care pro- 
viders, one cannot expect this to happen as is true for all medical and health technologies. An AP- 
PROPRIATE implementation of the technology is the key. In this context, appropriateness assumes a 
connotation of being need-based as well. Therefore, data that give care providers a clearer picture of 
the cost and health outcomes of the population they serve, based on their interventions and practices, 
must be generated and used. Even though functions such as diagnostic assistance, treatment 
assistance are important, it must be stressed that the main goal of an information system is to im- 
prove the efficiency of management and to provide a monitoring and evaluation system to ensure qual- 
ity of care. 


With this brief foreword, I wish to thank the members of the Indian Society of Health Administra- 
tors who have recognized the need to assess technologies and other experts who have contributed 
valuable suggestions and articles to the contents of this book. We do hope that this book is found to 
be useful by health care planners and managers who are in need of appropriate medical and health 
technolgies. The challenge is to ensure their appropriateness for the improvement of health care qual- 
ity and outcomes. | 


Kirsten Staehr Johansen, MD., DDS 
Chief 

WHO Programme on 

Quality of Care and Technologies 
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Editor's Note 


1. As a result of the progress in medical 
sciences, application of modern technology in di- 
agnostic and therapeutic modalities, and the 
benefits of modern technology to the common 
man, the quality of life has improved, the longev- 
ity has increased, mortality rates decreased, and 
critical cases saved. This has resulted in abun- 
dance of happiness and welfare of the society. 


2. These recent advances in diagnostic and 
therapeutic modalities, in almost all fields of 
medicine,have largely been due to the break- 
throughs in medical imaging technology. Since 
the discovery of X-rays by William Roetgen, 
which was the first landmark in medical imaging, 
safer, non-ionizing radiation techniques have 
been discovered with less harmful or no side-ef- 
fects and better accuracy of diagnosis. 


3. Magnetic Resonance Imaging (MRI) im- 
ages tissues with great accuracy without expos- 
ing the patient or the radiologist to the risk of 
ionizing radiation. It is being used extensively in 
all fields of medicine and surgery singly, or in 
combination with other techniques to enhance 
its usefulness. 


4. The development of nuclear medicine 
(radionuclide imaging) has wide applications to 
detect tissues/areas with abnormal metabolism, 
localize cancers, early detection of myocardial 
and cerebral ischaemia, and many others. 


5. Medical imaging techniques are now 
being combined with interventional techniques 
for therapeutic purposes to relieve stenosis or ob- 
struction in biliary drainage, nephrostomies, 
stent placement, deep-seated stone removal, ab- 
scesses, vascular dilatation (of coronary and pe- 
ripheral vessel stenosis) - the balloon angio- 
plasties, etc. The result is a vastly improved pa- 
tient outcome (especially in coronary balloon 
angioplasty) with reduced morbidity and mortal- 
ity, following a safe, relatively non-invasive, non- 
surgical procedure instead of a major surgical 
procedure. 


6. Ultrasound technique, alone or com- 


bined with Doppler effect is being widely applied 
in virtually all fields of medicine. Being a rela- 
tively cheap investigation with low initial invest- 
ment costs, widely applicable and most of all, no 
risk of ionizing radiation, ii may emerge next only 
to X-ray examination as the most widespread di- 
agnostic tool in both developed as well as devel- 
oping countries. It is widely applied in obstetrics 
where risk to foetus is the prime consideration in 
applying any diagnostic tool. 


7. Computed Tomography, though it still 
remains an X-ray examination, provides for su- 
perior and localised tissue images. The most 
valuable and extensive applicalion of CT has 
been in neurology where accurate localization 
and understanding the nature of lesions makes 
all the difference to therapeutic decisions and pa- 
tient outcome. Newer three dimentional CTs are 
already guiding surgeons for highly accurate mi- 
cro-surgery. 


8. Cardiology continues to be preoccupied 


with ischaemic heart disease because of the she- 


er predominance of IHD patients in cardiology 
practice. As expected, the applications of re- 
cently discovered imaging techniques, evolution 
and modification of known techniques and proce- 
dures, have concentrated on improving patient 
outcome and survival rates in IHD patients. Pro- 
minent among these are MRI, computerized to- 
mography and radionuclide studies to assess 
anatomical and physiological parameters of heart 
disease, not only for prognostic purpose but also 
to accurately select patients for preventive inter- 
ventions like bypass surgery, balloon angioplasty 
of localized stenosis of coronary blood vessels, or 
cardiac transplantation. However, the most 
widely used equipment in cardiology will con- 
tinue to be electrocardiography and echocardi- 
ography which still hold the top position. Apart 
from cost factors, there are several other techni- 
cal and operational factors which render them 
more widely applicable, as discussed in the chap- 
ter on the interaction of echocardiography with 
recent non-invasive imaging techniques in diag- 
nosis. Other diagnostic modifications of known 
techniques include ultrasound, cardiac catheri- 
zalion, coronary angioscopy,. endomyocardial bi- 
opsy via transvenous cardiac bioptome. Most of 
these techniques utilize imaging modalities like 
fibre-optics, fluoroscopy, etc., 


9. In therapy, in addition to newer highly 
cardio-selective drugs, advancements include im- 
plantable and external use of artificial pacemak- 
ers. Pacemakers are continuously undergoing 


refinement and sophistication for better effective- 
ness with minimal complications. A recent addi- 
tion is the automatic implantable cardioverter 


defibrillator (AICD) which is expected to prolong 
the life of survivors of cardiac arrest and enable 
them to lead a useful, working life. Interven- 
tional catheterization, i.e., combination of diag- 
nostic with therapeutic procedure in one, has 
been found useful for balloon angioplasty to pre- 
vent myocardial infarction or relieve ischaemic 
symptoms in selected cases. 


10. In the area of neurology, one of the 
most widely available and long-used equipment 
remains the electro-encephalograph which has 
maximally aided neurologists and psychiatrists. 
It has undergone considerable modification since 
the early models with increase in diagnostic ac- 
curacy and better patient management. Com- 
puterised somato-sensory evoked potentials 
which provide for recording activity of function- 
ally selective areas of the brain—visually evoked 
and brainstem evoked potentials, have extended 


the diagnostic usefulness of the basic principle of . 


EEG. 


11. Among imaging techniques in neurol- 
ogy, computerized tomography has proved to be 
the one of the most useful. MRI adds to imaging 
accuracy especially with the superior ability to 
delineate lesions at the base of the brain. Cere- 
bral angiography has undergone further modifi- 
calion with digital computer processing and is 
used to study disorders of cerebral blood flow. 
Advances in immunology have added to diagnos- 
lic and prognostic capability for the neurophysi- 
cian. Advances in genetics and molecular biol- 
ogy of the inherited CNS disorders and prevent 
tragic occurences of many degenerative CNA dis- 
eases. 


12. In obstetric practice, ultrasound tech- 
niques with or without application of the doppler 
effect, has overtaken most other technologies be- 
cause of its non-ionizing nature, relative safety 
for the foetus, and relative cheapness. Another 
visualization technique extensively applied in gy- 
naecology is fibreoptic technology used in hys- 
leroscopy, laparoscopy and colposcopy. These 
diagnostic techniques have been modified into 
interventional technologies by suitable addition 
of facililies, to carry out selective ablation and 
other surgeries with minimal tissue disturbance 
and patient morbidity. Many of the modern tech- 
niques reduce the need for major operative inter- 
ventions, reduce patient stay in hospital, morbid- 
ity and mortality, and improve accuracy of 
surgery. 


13. In cardiothoracic surgery in addition to 
the obvious role of MRI and computed tomogra- 
phy, modified versions of fibreoptic instruments 
and several new innovations have been intro- 
duced for non-invasive imaging of the oesopha- 
gus, lung function, etc. Amongst the imaging 
technologies fibre-optics remains the prominently 
useful technology in cardiothoracic diagnosis and 
management. 


14. Continued modifications and newer 
discoveries of materials for vascular grafts along 
with computer-guided microsurgery form, the 
frontiers of development of vascular surgery. 
Techniques like laser surgery are still under 
evaluation as to their use in cancer surgery. 


15. In the area of orthopaedics, the impor- 
tance of X-ray examination cannot be under- 
mined in terms of its usefulness, cost, out-reach 
in all parts of the world, and numbers of people 
whose suffering it helps to relieve. The newer 
imaging techniques, MRI and computed tomogra- 
phy, have added to accuracy of diagnosis and pa- 
tient relief in orthopaedic practice. Together with 
artherscopically aided joint surgery, improved 
vascular surgery techniques, and advancement 
in microsurgery, lives and limbs are better con- 
served and in better functional condition. The 
computer has rendered orthopaedicians more 
capable of restoring the handicapped patient 
back to normal functional life through its appli- 
cations in biomechanical gait analysis and gait 
reconstruction, joint reconstruction, custom- 
made orthopaedic implants, etc., 


16. In urology practice, fibreoptics contin- 
ues to rule high as a means of the least invasive 
or even non-invasive surgical procedures. The 
latest addition to manage renal stones without 
surgery in selected cases, the extra corporeal 
shock wave lithotripsy is currertly very expen- 
Sive. 


17. Advances have been made in renal 
transplantation, management of male infertility 
and impotence through advancement of mi- 
crovascular surgery, amongst others. Other im- 
aging systems like CT scans, MRI and _ ultra- 
sonography have specific applications in urology. 


18. In the area of hospital and health care 
planning and management a new emerging area 
which merits attention because of increasing in- 
cidence of trauma in urban life, is the planning 
and management of accident and emergency 
services which has been Coen aie discussed in 
the relevant article. 


19. Very complex computers are now an in- 
tegral part of medical technology, whether it is 
MRI, ultrasound, CT or any other. While the 
computer as a part of hospital equipment is well 
accepted, as a part of hospital and health care 
information management, it has yet to gain wide 
acceptance among doctors and administrations, 
especially in developing countries. Computers 
prove invaluable in hospital administration, ad- 
ministrative information transfer and update be- 
tween departments, and time management of 
doctors and nurses in a hospital. In the public 
health field, with the advent of personal comput- 
ers, the crilical problem of timely field data col- 
lection and surveillance to monitor disease and 
health status of communities for efficient health 
care delivery, now has the potential of being 
solved. More tricky, in terms of acceptance by 
the medical and paramedical professionals, are 
the issues of monitoring quality of hospital and 
health care through computerized surveillance 
systems, and hospital data analysis to monitor, 
for example, indicators like mean lengths of hos- 
pital stay, medical and nursing care plans, drug 
{treatments of standard disease groups, etc. 


20. Nevertheless in terms of the well ac- 
cepted application of computers in hospital ad- 
ministration, it has resulted in more efficient 
utilization of resources, better patient manage- 
ment, lower medical care costs for both hospitals 
and patients, better bills realization by the hospi- 
tal, prevention of unnecessary repeat tests, etc. 
Thts has been, by and large the experience of 
most hospitals where computerization was imple- 
mented effectively. 


21. In the control of communicable dis- 
eases, today, the problem remains, chiefly one of 
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transfer of known simple technology and opera- 
tional problems of its application on a large scale 
in developing countries. Nevertheless some diag- 
nostic problems continue to dog communicable 
disease control programmes. The front line re- 
search in this field is concentrated on early de- 
tection of leprosy and tuberculosis to check their 
spread, through immunological tests. 


22. With the worldwide tremendous inter- 
est and funding for research and advancement of 
basic sciences, discoveries and technologies that 
emerge rapidly find their applications in indus- 


_try, agriculture, information management, and 


concomitantly in medical care, too. Once ap- 
plied, a technology undergoes modification, re- 
finement and further advancement to satisfy the 
requirement of the medical care specialists. 
Keeping in view the immense costs of this proc- 
ess and the equipment, caution and evaluation 
should be exercised so that, we do not pursue 
the application of technology for its own sake 
with minimal or no benefit to patient outcome, 
perhaps sometimes to chiefly satisfy the physi- 
cians’ curiosity. The benefits of allocation of 
scarce health resources (whether public or pri- 
vate funds) for technology oriented equipment 
should be carefully weighed against the benefits 
of allocation for (possibly simpler but) more basic 
health services with wider out-reach, more so, in 
developing countries where these areas compete 
with each other for the available scarce re- 
sources. 


23. In short, the place that each innovative 
technology should occupy in the country’s overall 
health care system, should result from a care- 
fully weighted decision, rather than from a fasci- 
nation with complex gadgets. 


Dr Ashok Sahni 
Professor and 
Hony: Executive Director. 


Cardiology 


1. Modern Technology In 
Cardiology - Present And Fu- 
ture Perspectives of Applica- 
tion And Utilization 


Dr. A. Garg* & Prof. H..S. Wasir* 


I General 


Advances in technology are transforming our 


lives. New techniques can revolutionise treat- 
ment, reduce costs dramatically and hold out 
new promise for saving human lives. These 
thoughts have been the guiding force for the 
present day emphasis on use of technology in 
management of cardiovascular disorders and 
continued research for application of technologi- 
cal advances in cardiological practice. The appli- 
cation of modern technology as discussed below 
has remarkably improved both diagnostic evalu- 
ation and therapeutic management of patients 
with cardiovascular disorders. 


II Technology Application In Diagnos- 
tic Evaluation Of Cardiovascular Dis- 
orders. 


Technology application in non-invasive and 
invasive diagnostic methods has perfected the art 
of cardiovascular diagnosis. This has facilitated 
use of various therapeutic modalities including 
complicated cardiac surgery. The technology ap- 
plication, however, as discussed below, is exten- 
Sive and varied and requires adequate insight 
into various methods for their effective use. 


A. Electrocardiography: 


One of the earliest applications of technology 
was in obtaining a record of electrical activity of 


heart from body surface which came to be known 
as electrocardiography! (ECG). ECG has since 
then evolved into an extremely useful clinical 
laboratory tool. The resting 12-lead ECG has 
been used to identify chamber hypertrophy, tis- 
sue ischaemia and necrosis, haemodynamic and 
metabolic changes. ECG also serves as a gold 
standard for the diagnosis of cardiac arrhyth- 
mias. Since physical exertion typically provokes 
attacks of angina pectoris, a technique was de- 
veloped to record changes in ECG appearing on 
exercise, also known as stress or exercise electro- 
cardiography*. In the past, Master’s step box 
was used for objective assessment of exercise 
performed, and the ECG records were made after 
the exercise was over. However to improve sensi- 
livily, the cycle ergometer and treadmill have 
proved more practical, where the rec6rdings are 
done through and post-exercise. The present 
day exercise is performed on a treadmill or a 
cycle ergometer with computerised ECG analysis 
to avoid any observer bias. Ambulatory electro- 
cardiographic monitoring came as the next major 
advance in technique of electrocardiography’. It 
is particularly useful in arrhythmias which are 
infrequent, for symptom correlation, for evalu- 
ation of symptoms in patient’s own domestic and 
working environment. Ambulatory ECG monitor- 
ing can be either on continuous recorders (Holter 
monitoring) or ECG monitoring when patients 
senses symptoms which are transmitted tele- 
phonically to an ECG receiver (trans-telephonic 
monitoring). The latter technique is more useful 
in very infrequent arrhythmias. A more recent 
use of ambulatory ECG monitoring is in detec- 
tion of painless episodes or silent ischaemia by 
ST segment shift. In the past there were techni- 
cal limitations for satisfactorily detecting ST seg- 
ment shift such as low frequency response re- 
corders and use of a single lead system.  Fre- 
quency modulated recordings have enhanced the 
reliability of ST pattern recording and interpreta- 
tion during ambulatory ECG monitoring. The 
new technique of QRS signal averaging allows de- 
tection of signals that are otherwise masked by 
random noise.* Ventricular late potentials, His- 
bundle activation and sinus node potentials have 
been recorded from body surface. In recent years 
ventricular late potentials have been found use- 
ful in evaluation of patients with ventricular 
tachyarrhythmias. Esophageal electrocardiogra- 
phy adds a new dimension to electrocardiogra- 
phic techniques. Recording atrial activity from 
the esophagus is simple, non-invasive and an ef- 
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fective method. The esophageal pill electrode is 
easily swallowed and well tolerated. Esophageal 
ECG is likely to find greater use in evaluation of 
cardiac arrhythmias’. 


B. Echocardiography. 


Echocardiography which uses ultrasound in 
the millions of cycles per second range has be- 
come a well established non-invasive and reliable 
method of cardiac imaging. The detection of re- 
turning or echoed ultrasound waves helps in de- 
tailing the position and movement of cardiac 
acouslic interfaces. The initial echocardiogra- 
phic examination consisted of M-mode examina- 
tion®, where the ultrasound beam is aimed in one 
direction and therefore depicts a single dimen- 
sion of target structure, which is a continuous 
graph of the depth of the structure with respect 
to time. It provides ideal means of following mo- 
tion of cardiac structures and assessment of size 
of various cardiac chambers. The advent of two 
dimensional (2-D) echocardiography was a major 
development in the field of cardiac ultrasound.’ 
The two dimensional beam sweeps in an arc to 
yieid a panoramic view of the heart that results 
in cross-seclional images that are anatomically 
recognisable. It is an excellent method to study 
cardiac anatomy in infinite number of cross-sec- 
tional images and finds ils use in congenital, val- 
vular, myocardial and peri-cardial disorders. 
The addition of Doppler device was the next sig- 
nificant milestone in the evolution of cardiac ul- 
trasound. The Doppler device detects the change 
in frequency between the emitted and the return- 
ing ultrasound signals, also known as Doppler 
shift. The Doppler shift is determined by the di- 
rection and velocity of blood flow. The velocity of 
blood flow is increased and the flow is turbulent 
across obstructive segments. This forms the ba- 
sis of detection and quantitation of valvular sten- 
osis. The abnormally directed jets suggest pres- 
ence of valvular regurgitation or intracardiac 
shunts. While pulsed wave Doppler is useful in 
detecting abnormal signals at various depths in 
cardiac image, the continuous wave Doppler is 
useful in quantifying high velocity of jets. A more 
recent advance in echocardiography is Colour 
Flow Mapping or ‘Colour Doppler Echocardiogra- 
ply’.® It is useful in quick detection of abnor- 
mally directed signals and quantitation of valvu- 
lar regurgitation. The latest addition to 
echocardiographic techniques is the use of eso- 
phagus as a window for echocardiographic evalu- 
ation, also known as esophageal echocardt 
ograph.'® It has found special use in evaluation 
of patients wilh poor echogenicity, left atrial 


Ol 


thrombi, mitral prosthesis, dissection of aorta 
and evaluation of cardiac hemodynamics during 
surgery. 


C. Radionuclide Stuclies 


Radionuclide methods provide a safe, non-in- 
vasive and quantitative approach to assessing 
the variety of cardiac functions. They can be ap- 
plied during exercise and other physiological and 
pharmacological interventions.'! The commonly 
used equilibrium blood pool scintigraphy re- 
quires in vivo or in vitro labelling of red blood 
cells by “technitium. A gamma-camera or a non- 
imaging probe is then used to evaluate left and 
right ventricular ejection fraction and indices of 
regional ventricular performance at rest and on 
exercise. First pass °°Technitium studies are 
useful in shunt detection and quantitation. 


2°lThallium perfusion imaging is useful in de- 
tection of reversible cardiac ischemia in combina- 
tion with exercise and/or intravenous dipyrida- 
mole. Infarct- avid imaging is useful in diagnosis 
of myocardial infarction. The various radiophar- 
maceuticals used for this purpose are *’Techni- 
tium pyrophosphate, radiolabelled antibodies 
against cardiac myosin and '!''Indium- labelled 
white blood cells. The most recent advance in 
nuclear cardiology is Positron-emission tomogra- 
phy!?.. Mismatch of myocardial metabolism (in- 
creased '8Flouro -2- deoxyglucose uptake) and 
perfusion (reduced*Nitrogen - ammonia uptake) 
indicates presence of myocardial ischemia. Posi- 
tron-emission tomography has provided insights 
in the understanding of pathophysiology of re- 
versible myocardial ischemic states showing im- 
paired contractile function such as hibernating 
and stunned myocardium.. In future, positron 
emission tomography may provide true volume 
images and thus provide more accurate esti- 
mates of the extent of normal, reversible and ir- 
reversibly injured myocardium. 


D. Magnetic Resonance Imaging 


Magnetic resonance imaging (MRI) has two 
important attributes that make it advantageous 
for cardiac diagnosis. Firstly, a high natural 
contrast exists between circulating blood pool 
and the cardiovascular structures. Secondly, a 
wide range of soft tissue contrast provides poten- 
tial for myocardial tissue characteristation. MRI 
has been used in diagnosis of congenital heart 
disease, cardiomyopathy, pericardial disorders, 
dissection of thoracic aorta and diagnosis of 
myocardial infarction.'* Myocardial tissue char- 


acterisalion depends upon estimation of signal 
intensity and relaxation times. This helps in 
early diagnosis of acute myocardial infarction 
and cardiac transplant rejection. 


E. Computerised Tomography (CT) 


Standard CT scanning is particularly useful 
for evaluation of pericardial disorders, coronary 
artery bypass grafts and thoracic aortic dissec- 
tion.'* However, for evaluation of cardiac func- 
tion and precise cardiac anatomy, millisecond CT 
scanners or ultrafast CT scanners are necessary. 


F. Cardiac Catheterisalion 


One of the biggest advances in cardiology of 
this century is the establishment of cardiac 
catheterisation as a safe and reliable technique 
to evaluate cardiac functional status. Cardiac 
catheterisation has also served as a gold stan- 
dard for evaluation of various non-invasive diag- 
nostic methods. Cardiac catheterisalion is an 


invasive procedure performed under fluoroscopic - 


guidance and requires intracardiac manipulation 
of catheters to record pressures and oximetry 
data from various cardiac chambers, from which 
data regarding cardiac function, systemic and 
pulmonary flows, and vascular resistances are 
estimated. Cardiac catheterisation has found its 
use in pre-operative evaluation of cardiovascular 
disorders, especially in combination with angio- 
cardiography.’® Angiocardiography is a tech- 
nique where a radio-opaque contrast medium is 
injected in a cardiac chamber or vessel and its 
intracardiac flow pattern is studied, and recorded 
on photographic film, to delineate cardiac and 
vascular anatomy.'’ Angio-cardiography has 
been useful in evaluation of coronary artery dis- 
ease and valvular and congenital heart disease. 
Digital arteriograms obtained by Digital subtrac- 
tion angiography facilitate post acquisition image 
processing and analysis, such as magnification, 
edge enhancement, quantitative arteriography 
and estimation of coronary flow reserve.!8 The 
amount of contrast media required is also much 
less, assuring greater safety. With the advent of 
newer imaging techniques especially Doppler 
echocardiography, the role of diagnostic 
catheterisation is narrowing down. However, an- 
other emerging use of cardiac catheterisation is 
invasive cardiac monitoring in critically sick pa- 
tients using balloon tipped catheters. This pro- 
vides bedside estimation of cardiac output, filling 
pressures and vascular resistances, parameters 
which help in monitoring and guiding therapy. 
Cardiac electrophysiologic studies can also be 


performed by mounting electrodes on the tips of 
cardiac catheters to record intracardiac electrical 
activity and to stimulate heart at selected sites. 
These techniques are of great value in elucidating 
the mechanism and treating a variety of cardiac 
arrhythmias.'® 


G. Endomyocardial Biopsy 


Non-operative cardiac biopsy is now possible 
using a transvenous cardiac bioptome placed 
against the endocardium of the interventricular 
septum under fluoroscopic guidance. The tech- 
nique is useful in diagnosis of myocarditis, infil- 
trative cardiomyopathies and cardiac transplant 
rejection.”° 


H. Coronary Angioscopy 


= 


Pre-operative coronary angioscopy has been 


performed in patients undergoing coronary 


bypass surgery and has shed light on the patho- 
genesis of unstable angina.” A new low profile , 
highly flexible fiber-optic angioscopy catheter is 
being tested at some centres for safety and effi- 
cacy of the device. Angioscope may alter treat- 
ment plans according to underlying pathologic 
anatomy. 


If. Technology Applications in Therapy 
of Cardiovascular Disorders 


Technological advances and their application 
in basic sciences such as biochemistry, pharma- 
cology, genetic engineering, immunology and 
others have led to the emergence of highly potent 
and effective pharmacotherapeutic agents such 
as calcium channel blockers, newer anti-arrhyth- 
mic agents, thrombolytic agents and immuno- 
suppressants. Other areas of technology appli- 
cation for treatment of cardiovascular disorders 
include implantable and external use of cardiac 
pacemakers and defibrillators. However the cen- 
terpiece of technological applications in therapy 
of cardiovascular disorders is interventional 
catheterisation. 


A. Interventional Catheterisation 


Until 10 years ago, cardiac catheterisation 
was predominantly a diagnostic tool. The tech- 
nique of balloon dilatation was developed by An- 
dreas Gruentzig in 1974, as a treatment for pe- 
ripheral atherosclerotic stenosis, ushering in the 
use of balloon dilation of stenotic cardiac and 
vascular lesions, Balloon dilation of coronary 


atherosclerotic stenosis began in 1977. During 
the early years percutaneous transluminal coro- 
nary angioplasty (PTCA) was limited only to pa- 
tients with proximal, discrete, subtotal stenosis 
of a single coronary artery and primary success 
rate was only 60 per cent.??. In contrast, coro- 
nary angioplasty is now being applied routinely 
to patients with more complex coronary anatomic 
situations with a higher success rate.23 This re- 
markable improvement in balloon angioplasty 
has come through rapid advances in balloon 
catheter, guide wire and guiding catheter tech- 
nology. The present day guiding catheters have 
high terque allowing greater control, have flex- 
ible, soft and atraumatic tip which avoids any 
vessel damage, have extra-large internal diame- 
ters which facilitate double balloon technique 
through one guiding catheter and permits easier 
contrast injection. The guide wires have also im- 
proved in trackability, torque control and radio- 
graphic visibility. The refinements in balloon 
dilatation catheter design has led to lower pro- 
files, improved trackability and flexibility. The 
balloon material has also changed from initial 
polyvinyl chloride to polyethylene terephthalate 
(PET). This polymer permits high balloon infla- 
tion pressure (upto 15 atmospheres) and yet has 
very low compliance (stretch)- less than 15% at 
maximal pressure. This is all the more remark- 
able in view of the extreme thinness of PET. 
These capabilities of PET balloon permit its use 
in most hard and tight lesions. Th new ultra-low 
profile coronary angioplasty system is the balloon 
on a wire device, in which a PET balloon is di- 
rectly positioned over the tip of guidewire thus 
achieving a very low profile.2* Thus with each 
coronary balloon angioplasty technologic ad- 
vance, the indications are widening, the success 
rates are improving, and incidence of acute com- 
plications is falling. Balloon dilation of cardiac 
valves has also been achieved. Initially single 
balloon was used to dilate stenotic valves; how- 
ever, presently two-balloon systems are more 
commonly used. Two-balloon systems achieve 
larger valve area, reduce risk of systemic hypo- 
tension and milking of balloons during infla- 
tion.2® The immediate results of balloon dilata- 
tion of all cardiac valves are good.”° Balloon dila- 
tion of other congenital lesions such as Coarcta- 
tion of aorta, peripheral pulmonary artery sten- 
osis, subaortic membrane?’ and others have also 
been reported. 


Although balloon technology remains the coron- 
erstone of interventional vascular therapy, newer 
technologies are emerging to provide the inter- 
ventionist with a “bag of tools” rather than a 


single method. Laser energy which destroys tis- 
sue by vaporisation has been successfully used 
lo recanalise totally occluded femoropopliteal ar- 
teries.*° In coronary angioplasty, laser technol- 
ogy may be particularly useful in treatment of 
chronic total occlusions and diffuse atheroscle- 
rolic segments. It may also bring down the 
restenosis rate because laser vaporisation leaves 
smoother surface. At present laser recanalisa- 
lion of coronary arteries is limited by inflexible 
nature of laser device. Currently catheters with 
improved flexibility, trackability, low profile and a 
central lumen design are being investigated and 
appear promising. Another mechanical approach 
to angioplasty besides balloon technology is the 
transluminal extraction catheter.?? It consists of 
a motorised rotating stainless steel element 
equipped with conical cutting head. 


The cutiing head is mounted on a flexible 
torque tube incorporating a vaccum system that 
allows retrieval of the excised material. The de- 
vice is wire guided. It has been successfully em- 
ployed in peripheral vascular disease, with low 
restenosis rates because it leaves a smoother 
surface. It use in coronary angioplasty singly 
and in combination with balloon angioplasty is 
being evaluated. Only a partial success has been 
achieved in non-surgical management of non- 
stenotic lesions compared with remarkable suc- 
cess in non-surgical management of stenotic le- 
sions. Catheter closure of intracardiac defects 
remains highly experimental and will require 
considerable advances before it becomes ac- 
cepted therapy. Rashkind Double Umbrella de- 
vice has been used to close patent ductus arteri- 
osus, atrial septal defects, and ventricular septal 
defects.°° Coil embolisation to occlude aorto-pul- 
monary collaterals, arterio-venous malforma- 
tions, Blalock-Taussing shunts and patent duc- 
tus arteriosis, has been found safe and effec- 
tive.*! With further improvement in technology it 
is expected that non-surgical management of 
non-stenotic lesions will become a more practical 
alternative. Another interesting area where 
catheter-directed therapy has been employed is 
electrical ablation through cardiac catheter for 
tachyarrthmias.*? The technique has been effec- 
tively used for ventricular and supraventricular 
arrhythmias. 


B. Artificial Cardiac Pacemakers 


Entering its third decade, cardiac pacing 
continues to be a rapidly advancing and ever- 
changing technology. The value of pacing in the 
treatment of a variety of brady and tachyarrhyth- 


mias cannot be challenged. Recent advances in 
pacemaker technology include new electrode de- 
signs and lead insulators, miniature electronic 
circuitry, long lived powcr. sources, multi-pro- 
grammability, dual chamber pacing systems and 
the most recent concept of rate-responsive pac- 
ing. The dual chamber pacing re-establishes 
atrio-ventricular synchrony and this improves 
resting cardiac output by 15 to 20 percent, by 
maintaining atrial kick.** This has tremendous 
beneficial effect in patients with severe left ven- 
tricular systolic and diastolic dysfunction. How- 
ever in a patient with normal ventricular func- 
tion, the other more important factor that 
physiologically aids the cardiac output is rate 
responsiveness or the ability to increase heart 
rate with increasing demands. Sensor technol- 
ogy is the application of sensors which detect 
various electrocardiographic, hemodynamic, 
metabolic and other changes occuring on exer- 
cise, and use it for rate-responsive function of 
cardiac pacemakers. The various sensors avail- 
able sense the vibrations of muscle or physical 


activily, the QT interval, blood pH, central body — 


temperature, mixed venous oxygen saturation, 
minute ventilation, rise of stroke volume and 
right ventricular systolic pressure on physical ex- 
ercise.** 


C. Cardioverters/Defibrillators 


External direct current cardioversion has 
been a safe, reliable and rapid treatment of re- 
entrant arrhythmias both as an elective and an 
emergency measure. Application of high energy 
electrical shock results in simultaneous depolari- 
sation of all cardiac tissue, with inilial recovery 
of the dominant pacemaker, normally the sinus 
node. The effectiveness of this technique in ther- 
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2. Interaction of Echocardi- 
ography With Recent Nonin- 
vasive Cardiovascular Imag- 
ing Modalities 


Mark M. Cassidy, M. D., Nelson B. Schiller, 
M. D., FACC, Martin J. Lipton M.D., FACC, 
and Charles B. Higgins, M.D., FACC 


Echocardiography (echo), in the past 10 years 
has accelerated as a principal noninvasive  car- 
diovascular imaging modality.- Although appear- 
ing much more recently than echocardiography, 
cardiac applications of computed tomography 
(CT) and magnetic resonance imaging (MRI) have 


developed rapidly, and these newer methods > 


have evolved into independent imaging tech- 
niques with unique diagnostic capabilities. Clini- 
cally, echocardiography is usually the first ex- 
amination used when heart disease is suspected: 
therefore, it is helpful to explore the interactions 
of echocardiography with the emerging modali- 
ties of cardiac CT and MRI. This paper will ex- 
amine the overlapping and complementary capa- 
bilities of these techniques, in addition to inter- 
actions of a more competitive nature. 


Conventional cardiovascular CT 


The first CT scanners were very limited for car- 
diac purposes because they were designed ini- 
tially to image only nonmoving structures-specifi- 
cally the brain, spine, and abdomen. Neverthe- 
less, despite limitations including a long expo- 
sure time of 2-5 seconds, single slice capability, 
and a repetition rate of at most 10-14 scans per 
series (caused by heat load restrictions on the x- 
ray tube), interestingly, useful cardiac CT appli- 
cations became possible. '!® Unfortunately, rela- 
tively few centers are experienced with cardiac 
CT imaging, although nearly every hospital has 
at least one whole body CT scanner. These early 


experiences brought two advantages; first, it de- 
fines the role of CT for cardiac diagnosis and sec- 
ond, it provided the impetus for the development 
of a practical ultrafast cardiac CT scanner, which 
will be described later in this article. 


Basic CT protocols used during a typical cardiac 
study have been described previously in the lit- 
erature. However, some important aspects of the 
technique are worth emphasizing. The location 
of the scans (which are usually 0.5 or 1cm thick) 
is defined precisely by the operator and is regis- 
trated in terms of the CT table position. This is a 
major advantage over all other techniques, in- 
cluding MRI and echocardiography, where repro- 
duction of the same imaging plane is operator 
rather than computer-dependent. This geometric 
precision eliminates at least one potentially signi- 
ficant source of error in quantitating cardiac di- 
mensions and functions. CT is superior to X-ray 
fluoroscopy and film for locating and _ identifying 
calcification even in small structures like the 
coronary arteries. CT can depict all four cardiac 
chambers and separate all arterial from venous 
structures, and also, displays the myocardial wa- 
ll extraordinarily clearly even without ECG gating 
(an option available on some conventional CT 
units). 


Echocardiography frequently detects aneurysms 
of the abdominal and thoracic aorta, most often 
as incidental findings. The proximal portions of 
the ascending aorta lie close to the echo trans- 
ducer and are, therefore, most easily imaged. 
Echo can image only one segment of the aorta at 
a time, however, making it difficult to echocardi- 
ographically assess the true extent of an aneu- 
rysm. Although echo has been described as a re- 
liable technique for evaluating aneurysms of the 
descending thoracic aorta,?° adequate assess- 
ment of the transverse and descending thoracic 
aorta is frequently difficult, particularly in the 
emphysematous or obese patient. On the other 
hand, CT is capable of clearly demonstrating 
aneurysms of the thoracic and abdominal aorta, 
also clearly defining intraluminal pathology (e.g. 
mural thrombus). CT is also useful in detecting 
localized effects of aneurysms on contiguous 
structures.’ Most importantly, CT provides a 
noninvasive, sensitive, and reproducible means 
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of sequential assessment of an aneurysm’s con- 
tour and luminal caliber. 


Aortic dissection is frequently a life threatening 
medical emergency, requiring quick and depend- 
able assessment. Echocardiography is a useful 
nonirivasive tool in the diagnosis of ascending 
aortic dissections”'. Echo will clearly detect aor- 
tic root dilatation in proximal dissection. Also, a 
combination of 2D, Doppler, and M-mode for- 
mats can be utilized to assess the status of the 
aorlic valve and document the presence of con- 
comitant aortic insufficiency.”:??,; However, echo- 
cardicgraphic images of the ascending, trans- 
verse, and descending aorta are often poorly re- 
solved and unreliable, particularly in the setting 
of the critical care unit. In comparison, CT has 
the capability of imaging the entire aorta, in ad- 
dition to defining not only the site but the extent 
of the dissection. Occasionally, CT without con- 
trast detects displacement of the calcified intima 
into the aortic lumen by a false channel. CT with 
contrast, particularly in the dynamic scanning 
mode (i.e., a rapid series of sequential scans 
taken at the same anatomic level used in combi- 
nation with the intravenous injection of contrast 
material), frequently defines the intimal flap, al- 
lowing differentiation of the true and false lum- 
ena®*®. Also periaortic extravasation and he- 
matoma can be visualized. In addition, dynamic 
CT scanning offers the advantage of demonstrat- 
ing differential flow in the true and false lumena; 
when the false lumen is obliterated by thrombus, 
no enhancement is seen. These same phenom- 
ena can also be seen with Doppler echocardi- 
ography,”* but its reliability in this setting is 
questionable. Both echocardiography and con- 
ventional CT are capable of visualizing pericar- 
dial fluid, which in the setting of aortic dissec- 
tion, is associated with a poor prognosis. ** Addi- 
tionally, in the presence of a pericardial effusion, 
echo is the imaging method of choice to demon- 
strate dynamic right atrial and right ventricular 
collapse compatible with tamponade physiol- 


ogy." 


Recent advancements in the field of transesoph- 
ageal echocardiography propose that this new 
form of echocardiography could become a signifi- 
cant diagnostic tool in the initial diagnosis of dis- 
tal aortic dissection.2°2® With further refine- 
ments and patient experience of technique, this 
modality should become commonly available. 


Echocardiography is the established, superior 
technique in the evaluation of pericardial dis- 
ease. It is an easily performed, sensitive, nonin- 
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vasive, and relatively inexpensive method for 
detecting pericardial effusions and demonstrat- 
ing the presence or absence of tamponade physi- 
ology. In situations where echocardiographic im- 
aging is not technically adequate or feasible, CT 
is easily capable of demonstrating pericardial 
fluid. Additionally, the density (in Hounsfield 
units) of the fluid on CT scans may help to clarify 
the nature of the effusion; high density effusions 
may possible represent either hemoper- 
icardium?”?? or exudate’ and low density effu- 
sions may represent either chyle or transudate.® 
Traditionally, the diagnosis of pericardial thick- 
ening is one of the limitations of echocardiogra- 
phy because of the highly reflective nature of 
both the normal and the thickened pericardium. 
CT provides a more accurate and reproducible 
means of assessing pericardial thickness. The 
normal pericardium is approximately 1-2 mm 
thick, with a pericardial thickness of 4 mm or 
more, and is seen in the presence of pericardial 
constriction.? This ability of CT to differentiate 
normal from thickened pericardium may prove to 
be of substantial use of distinguishing restrictive 
cardiomyopathy from constrictive pericarditis. * '® 


Calcification of the parietal and visceral pericar- 
dium illustrates the residual effect of pericardial 
infammation and is strong evidence for the pres- 
ent of chronic pericardial disease. Although cal- 
cium clearly reflects ultrasound, its echocardi- 
ographic signal is not sufficiently different from 
normal or fibrotic pericardium to enable the dis- 
tinction to readily be made. However, radiogra- 
phically, calcification is easily identified, but the 
three-dimensional (3-D) tomographic capability 
of CT is superior to conventional fluoroscopy and 
film for the evaluation of calcification. When 
combined with contrast enhancement CT is es- 
pecially useful either in the diagnosis or exclu- 
sion of constrictive pericarditis.®'® 


Occasionally, masses abutting the pericardium 
are detected on echocardiographic exams . How- 
ever, just as frequently, large masses near the 
heart border are not seen because they lie out- 
side the routine field of view. When either clini- 
cal suspicion or echocardiography raises the 
question of a mediastinal or pericardial mass, CT 
not only can define the extent of cardiac involve- 
ment but also identifies involvement of other 
structures in the chest. Contrast-enhanced CT 
is also used to delineate the myocardial and in- 
trapericardial extension of malignant disease. 
However, although tomography is able to outline 
the true boundaries of tumor involvement, it can- 
not show the motion of intracardiac portions of 


tumors during the cardiac cycle as echocardi- 
ography can.”° 

Other masses near the heart that can create di- 
agnostic dilemmas are pericardial cysts. Both 
echo and CT can detect presence of these fluid- 
filled sacs, as well as verify their cystic nature. 
Because of its excellent spatial resolution, CT is 
useful in defining the size and geometry of the 
cyst, as well as identifying ils attachments to 
cardiac or mediastinal structures. Echocardi- 
ography, in terms of mobile cardiac tumors, re- 
mains the imaging method of choice in most in- 
stances. CT, however, has reportedly been used 
with some success in the diagnosis of atrial 
myxomas. '® !! 

; 

Left ventricular (LV) thrombus formation is a fre- 
quent and major complication of myocardial in- 
farction.*! Apical thrombi frequently occur in the 
setling of left anterior descending artery occlu- 
sion, with resultant extensive anterior wall myo- 
cardial infarction and apical aneurysm forma- 


tion. Echocardiography frequently definitely | 


identifies apical thrombi because of the settling 
and their distinct echocardiographic appearance. 
However, uncertaintly can occur with echo imag- 
ing because at times it is difficult to visualize the 
entire aneurysmal LV apex. In these examples, 
CT provides the advantage of clearly defining 
endocardial surfaces and aneurysmal areas, in 
addition to delineating differing tissue thick- 
ness.'7'* Contrast enhanced CT has recently 
been shown to provide sensilivity similar to that 
of echo in detecting LV thrombi’ and is a reliable 
imaging alternative in those patients with equivo- 
cal echo result' or in whom visualization of the 
LV apex by echo is technically inadequate or dif- 
ficult. 3 


In the past, left atrial thrombi have presented a 
diagnostic challenge. Echocardiography has exh- 
ibited poor sensitivity in the detection of thrombi 
in this chamber. However, in a recent study, 
contrast-enhanced CT showed 100% sensitivity 
in identifying the presence of left atrial thrombus 
as compared to an echo sensitivity of only 60%." 
Also, thrombi in the left atrial (LA) appendage are 
well illustrated by CT. If further studies show 
the same excellent results, contrast-enhanced CT 
may become a preferred procedure in the diagno- 
sis of left atrial thrombi. 


Contrast-enhanced CT has shown some value in 
the diagnosis of pulmonary intravascular pathol- 
ogy in the settling of chronic thromboembolic 
pulmonary hypertension.'® 2-D echocardiogra- 
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phy has also demonstrated the capability of iden- 
tifying pulmonary artery dilatation and proximal 
pulmonary artery thrombosis in the setting of 
pulmonary hypertension and thromboembolic 
disease.'” 


Ultrafast (Cine) CT techniques 


Echocardiography is a well-established modality 
in the assessment of valvular morphology and 
dysfunction, regional left ventricular function, 
and cardiac chamber dimensions. Also, the ca- 
pability of accurately determining ejection frac- 
tion, left ventricular volumes, and mass from the 
echocardiographic image has been demon- 
strated.°? The reproducibility of this methodol- 
ogy has been verified recently in our laboratory.** 
The aforementioned techniques of quantitative 
echocardiography are primarily limited by the 
adequacy of the echocardiographic images, which 
is a combined function of acquisition technique, 
operator skill, and the availability of an echo- 
cardiographic window. If any of these compo- 
nents is lacking, the accuracy and reproducibility 
of echo quantitation in hindered. 


Cine CT is a new modality that is currently devel- 
oping into a powerful new cardiologic tool. The 
weaknesses of conventional CT in the field of car- 
diac diagnosis has led to the development of a 
high-speed cardiac scanner that is based upon 
the use of an electron beam, which is magneti- 
cally, rather than mechanically, deflected.'?** 
Eight different anatomic levels can be scanned 
simultaneously using ultrafast CT, with a scan- 
ning exposure time of 50 msec and a maximum 
repetition rate of 17 frames/sec at each level. 
This imaging technique shows promise not only 
as a complementary method of obtaining infor- 
mation similar to thal mentioned above, but can 
also give additional, unique diagnostic data. 


Three different modes of operation are routinely 
incorporated into each procedure: a continuous 
or cine mode, a volume mode, and a flow or trig- 
gered mode. In the flow mode of image acquisi- 
tion, parameters including regional tissue flow, 
cardiac output, and vascular blood flow can be 
determined.* Recently, quantitation of regional 
myocardial perfusion by cine-CT in an animal 
model has been shown to correlate well with re- 
gional myocardial flow as assessed by micro- 
spheres.°© Because measurement of relative 
myocardial perfusion is possible, cine-CT could 
potentially be used to assess coronary artery re- 
serve if the examination were to be performed in 
combination with some form of dynamic exercise. 


Similarly, cine-CT has the potential to demon- 
strate the absence of blood flow in an area of in- 
farcted myocardium. A further potential use of 
the flow mode of acquisition is the measurement 
of shunt fractions in intracardiac shunts, which 
has been successfully demonstrated in animal 
models.°? 

Dynamic cardiac motion is displayed in the cine 
mode, allowing assessment of segmental wall 
motion, dynamic right and left ventricular func- 
tion, and valve motion. Detection of left ventricu- 
lar wall motion abnormalities by cine-CT com- 
pares favorably to cineangiography.** Also, the 
high resolution of cine-CT sharply delineates ep- 
icardial and endocardial surfaces, allowing quan- 
titation of dynamic myocardial thickness, as well 
as cavily dimensions. This data can then be 
used to accurately calculate left-ventricular ejec- 
tion fraction.!9°° Also, the ability to confidently 
assess dynamic left ventricular wall thickness 
may prove beneficial in the diagnosis of ischemic 
heart disease because the correlation between 
segmental wall thickening abnormalities and the 
presence of myocardial ishcemia has been well 
eotanlisned. 3. >" 


Currently, cine-CT is being evaluated for a vari- 
ety of other diagnostic studies. Its 3-D imaging 
capability makes it ideally suited for the evalu- 
ation of aortic and pericardial abnormalities, as 
well as providing an enhanced look at cardiac 
anatomy (including LV aneurysms and associ- 
ated thrombi. Recently, cine-CT has proved to be 
a valuable tool in the diagnosis of congenital 
heart disease, providing detailed imaging of car- 
diac defects, in addition to an analysis of cardiac 
function {including. ventricular volumes, regurgi- 
tant volumes, ejection fractions, and shunt ra- 
tios).12 Left ventricular mass has been accurately 
quantitated in animal models using cine-CT.* In 
several centers that have recently acquired cine- 
CT scanners, various validation studies of cham- 
ber and wall dimensions in man are currently 
being performed'®? The tomographic advantages 
of cine-CT are important, especially in conditions 
in which hypertrophy is asymmetric, as in some 
types of cardiomyopathies. 


MRI techniques 


MRI is a powerful, rapidly emerging technique in 
the diagnosis of cardiovascular disorders. 
Through the use of low strength dynamic mag- 
netic fields, high-strength static magnetic fields, 
and radio-frequency pulses, tomographic images 
of the body with high soft tissue contrast are 


generated.** Similar to echocardiography, it is 
completely noninvasive, requiring no contrast 
media for anatomic visualization. However, un- 
like echo, routine MR image acquisition and re- 
construction is a somewhat lengthy process, re- 
quiring the patient to remain motionless in an 
isolated environment for usually a minimum of 
15-30 minutes. MRI is uniquely suited to cardio- 
vascular imaging because flowing blood gener- 
ates little or no MRI signal, producing spontane- 
ous contrast between the vascular spaces, blood 
pool, and the cardiac structures.** Also, the high 
soft-tissue contrast clearly demarcates pericar- 
dium, myocardium, and pericardial fat.*°*° Ini- 
tially, cardiac motion in nongated MR images 
produces substantial image degradation: how- 
ever, galing techniques have been devised that 
has considerably improved the quality of MR im- 
ages of the heart.*9 


Because of its ability to sharply delineate ep- 
icardial and endocardial surfaces, MRI can iden- 
tify regions of segmental wall thinning indicative 
of prior myocardial infarction. *°°° Furthermore, 
areas of severe wall thinning and bulging in pa- 
tients with LV aneurysms have been identified 
with MRI, as have mural thrombi also seen by 
echo and CT. * MR imaging of acute myocardial 
infarctions (with involved myocardium appearing 
as regions of increased signal intensity relative to 
normal myocardium) is being accomplished in 
both animal models*! and in human subjects.” 


Precise determination of left ventricular mass by 


MRI has been reported in several animal mod- 
els.°->4 Gated MRI is also being used to define 
the severity, presence, and distribution of abnor- 
mal wall thickness in patients with hypertrophic 
cardiomyopathy. °°°° In these individuals, the 
myocardial wall is clearly defined, allowing accu- 
rate measurement of differential wall thickness. 


' Results acquired in these situations with MRI is 
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comparable to those obtained echocardiographi- 
cally. In patients with congestive cardiomyopa- 
thy, MRI has clearly depicted dilatation of the left 
ventricle in conjunction with either normal or 
mildly reduced wall thickness.°° One should re- 
member that although MRI has shown utility in 
acquiring the information mentioned, the same 
data (in most circumstances) can be obtained 
echocardiographically. 


Abnormalities of the thoracic aorta, including 
true and false aneurysms,” periaortic abscess,”’ 
and coarctation®™® have been visualized with MRI. 
In a recent series, MRI was successfully used in 
the initial evaluation and subsequent post-treat- 


ment follow-up of 10 patients with coarctation.°° 
MRI has been particularly effective in the diagno- 
sis of aortic dissection.*®®°*! The ability of MRI 
to demonstrate an intimal flap has been verified 
in several studies, ©®* as has the capability of de- 
fining the true and false lumena’®” MRI is espe- 
cially valuable in the evaluation of the descend- 
ing aorta, also providing anatomic information 
regarding the branch vessels.? The limitations of 
echo in this area are considerable and MRI has 
clearly established its role as a diagnostic modal- 
ity in this condilion. Its noninvasive nature may 
displace CT in this application in the near future. 


Gated-MRI directly visualizes the pericardium. 
which in the nondiseased state appears as a 
thin, low-intensity band surrounding the entire 
heart or, most often, the anterior portion of the 
heart. Pericardial thickening is seen in patients 
with suspected constrictive pericarditis.°%* Low- 
signal intensity is also in the purely fibrous or 
extensively calcified pericardium of chronic con- 
strictive pericarditis, whereas acutely or suba- 


cutely inflamed pericardium displays high signal. 


intensity. &© 


Both loculated and generalized pericardial effu- 
sions have been imaged by MRI. Again, nonin- 
flammatory effusions were found to have low-sig- 
nal intensily, whereas inflammatory effusions 
exhibited high signal intensity. Although MRI 
has the ability to detect loculated effusions 
(which are sometimes poorly defined by echo), as 
well as to characterize the nature of the fluid to 
some degree, echocardiography remains the ini- 
tial procedure of choice for evaluation of pericar- 
dial effusion. Characterization of the Muid, how- 
ever (e.g. blood vs purulent exudate), is an inher- 
ent capability of MRI. 


In the assessment of paracardiac and cardiac 
masses, MRI has several advantages over echo 
because MRI is capable of clearly imaging non- 
cardiac structures, has a large field of view, and 
Clearly defines the limits of pericardium® and 
myocardium”. Because the pericardial bound- 
ary is well defined, MRI can determine whether 
or not paracardiac masses have entered the peri- 
cardium and/or the pericardial space. Gated- 
MRI is superior in evaluating masses in the vi- 
cinity of the heart, as well as for demonstrating 
vascular compromise by tumor compression or 
invasion.® Intracardiac masses (e.g., myxomas) 
are clearly defined by MRI®. Especially in either 
the emphysematous or obese patients in whom 
echocardiographic imaging of small intracardiac 
masses can be particularly difficult, MRI may 
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provide a way to readily demonstrate such pa- 
thology. Echo is also helpful in the diagnosis of 
endomyocardial fibrosis®’-, MRI is used to obtain 
equivalent and complementary visualization of 
ventricular cavity involvement. 


The initial diagnostic procedure of choice in 
adults and children with congenital cardiac 
anomalies is still echocardiography. However, 
MRI clearly shows intricate congenital anomalies 
including double-outlet right ventricle, single 
atrioventricular valve, uncorrected L-transporta- 
tion, atrioventricular septal defect (ASD), hy- 
poplastic ventricle, single ventricle, and surgical 
shunt repairs.’ Venous abnormalities includ- 
ing persistent left superior vena cava and 
anomalous pulmonary venous connections have 
also been identified by MRI°®. MRI has great po- 
tential as a diagnostic tool in detection of atrial 
and ventricular septal defects; in one series, MRI 
was 100% sensitive in the detection of five ASDs 
and 90% sensitive in the detection of 11 ven- 
tricular septal defects (VSDs)®* However, in a re- 
cent study is was deduced that echo is probably 
superior to MRI for the detection of ASDs and 
both modalities exhibit similar sensitivities and 
specificities in the detection of VSDs”! 


Conclusion 


MRI, echocardiography, and CT are noninvasive 
imaging modalities with unique capabilities and 
limitations in the delineation of cardiovascular 
anatomy and pathology. Echo remains the most 
inexpensive, portable, and rapid of the three 
techniques, with a multiplicity of clinically pro- 
ven uses. However, echocardiographic imaging 
is, to some degree, limited by a relatively narrow 
field of view, the need for operator expertise (or 
lack of it), the necessity for an echocardiographic 
window unimpeded by bone or lung tissue, and 
at times, less than adequate image resolution 
with modern technology. CT is not dependent 
on operator skill or hampered by body habitus; 
however, the majority of CT examinations require 
the use of a contrast agent that exposes the pa- 
tient to potential toxic reactions, as well as the 
possibility of contrast-mediated nephrotoxicity. 
This consideration is especially relevant in the 
patients with either atherosclerotic or hyperten- 
sive cardiovascular disease who may have mar- 
ginal renal reserve (either subclinially or clini- 
cally) and be especially prone to postcontrast re- 
nal failure. Also, the patient undergoing a CT 
exam is often critically ill but has to be placed in 
a remote environment without direct monitoring 
capability. MRI, like echo, is truly noninvasive 


because no contrast medium is needed for visu- 
alization of cardiovascular structures. Similar to 
CT, however, the patient undergoing an MRI 
exam is required to lie in a remote, confined area 
for a period of time. Unlike echo or CT, patients 
on life support systems, with cardiac pacemak- 
ers, or intracerebral surgical clips cannot be 
imaged by MRI. However, it should be pointed 
out that both cardiac CT and MRI are still very 
young in their development. Further refinements 
of both techniques will widen their cardiac appli- 
calions and enhance their use as cardiac imag- 
ing modalities. Recent advances in MRI technol- 
ogy appear to have greatly increased temporal 
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3. The Automatic Im- 
plantable Cardioverter Defi- 
brillator in the Treatment of 
Ventricular Arrhythmias 


Charles D. Gottlieb, M.D., Belinda Flores, M.S., 
and Francis E. Marchlinski M.D. 


The automatic implantable cardioverter defibril- 
lator (AICD) appears to be a major therapeutic 
advancement in the management of life-threaten- 
ing ventricular arrhythmias.'® The efficacy of th- 
is device is based on its ability to continuously 
monitor the ventricular rhythm, accurately and 
rapidly sense ventricular tachyarrhythmias, and 
finally to deliver enough energy to the myocar- 
dium to depolarize a critical mass of ventricular 
muscle and effectively terminate the arrhythmia? 


Physical characteristics of AICD system 


The currently available AICD system has three 
components (1) the battery-operated pulse gen- 
erator; (2) a rate-sensing lead(s); and (3) two defi- 
brillating leads. The generator consists of the 
battery, the capacitors, and the electronic model, 
which are all contained in a titanium shell. The 
generator is rectangular in shape with the dime- 
nsions of 11.7 x 7.1 x 2.5 cm and weighs 290 g. 
The ratesensing electrodes consist either of an 
epicardial bipolar lead positioned at the right 
ventricular apex or a bipole formed by two closely 
spaced (within 1-2 cm) unipolar myocardial scr- 
ews in lead, usually inserted on the epicardial 
Surface of the lateral wall of the left ventricle. 
The transcardiac energy delivery system is com- 
posed of either an epicardial patch combined 


with a spring lead that is positioned at the junc- 
tion of the superior vena cava and right atrium, 
or in combination with a second patch. The pat- 
ches vary in size from 14-28 cm.’ If two patches 
are used, one is routinely placed over the right 
ventricle, while the other is secured on the poste- 
rior lateral surface of the left ventricle.® 

There are two models of the AICD currently avail- 
able, the AICD-B and the AICD-BR. The former 
requires triggering by an abnormal rate (electro- 
gram-to-electrogram intervals as recorded by the 
bipolar-sensing electrode, which is less than a 
preset value) and an abnormal morphology ( a 
significant absence of the isoelectric interval) as 
detected by the morphology-sensing defibrillating 
leads.” The AICD-BR requires only that the rate 
that is sensed be above the preset value. The 
AICD requires 5-20 seconds for recognition of a 
ventricular tachyarrhythmia and then 5-10 sec- 
onds for the battery of the pulse generator to 
charge the capacitors.© Once fully charged (a to- 
tal elapsed time of 10-30 seconds), the first 25- 
30 J shock is delivered synchronously with the 
sensed electrogram. If the tachycardia is not ter- 
minated, this sequence will be repeated for up to 
three more cycles, each of which delivers an in- 
creased energy level (usually 28-32 J at each dis- 
charge). After the fourth countershock, the AICD 
requires 35 seconds of a rhythm other than that 
which would normally activate the device in or- 
der to be reset and have the potential to recog- 
nize a tachyarrhythmia and discharge appropri- 
ately. 


Candidates for the AICD 


The AICD is currently available for any patient 
determined to be at high risk for sudden cardiac 
death. These patients have usually survived a 
cardiac arrest and have a sustained ventricular 
arrhythmia not controlled by antiarrhythmic dr- 
ug therapy and not associated with reversible is- 
chemia, acute myocardial infarction, electrolyte 
abnormality, or drug therapy.27 We have defined 
five groups of patients who may be ideal candi- 
dates for the AICD.* 
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i Patients experiencing a cardiac arrest in 
the setting of chronic coronary artery disease, 
who have inducible ventricular tachycardia or 
fibrillation that remains inducible and poorly tol- 
erated hemodynamically, despite antiarrhythmic 
therapy. The patient should not considered a 
suitable candidate for surgery aimed at ablating 
arrhythmogenic areas.°*® 


a Patients with an idiopathic dilated cardio- 
myopathy and a history of a sustained ventricu- 
lar tachyarrhythmia that resulted in hemody- 
namic collapse. The use of programmed electri- 
cal stimulation to guide pharmacological therapy 
had proven less useful in this patient population. 
Sustained uniform ventricular tachycardia is in- 
duced uncommonly during programmed stimula- 
tion, and suppression of the inducible ventricular 
tachycardia with antiarrhythmic therapy is 
rare? | 


et Patients with “torsade de pointes” not asso- 
ciated with drug therapy or transient metabolic 
abnormalities whose arrhythmias are not pre- 
vented by therapy with $-blocking agents or by 
cardiac pacing. 


4. Patients with a history of a cardiac arrest 
or documented ventricular tachycardia, which 
led to hemodynamic collapse, whose arrhythmias 
are not inducible by programmed electrical 
stimulation. The inability to initiate the arrhyth- 
mia precludes the use of pharmacological ther- 
apy guided by electrophysiological testing. De- 
spite the fact that the arrhythmia is not induc- 
ible, these patients remain at risk for a life-thre- 
atening arrhythmia recurrence. Of note, these 
patients should have not evidence suggesting 
that acute ischemia precipitates the arrhythmia. 


5. Patients who are undergoing ablative 
arrhythmia surgery (subendocardial resection) 
who, at the time of surgery are deemed to have 
an increased risk for arrhythmia recurrence (i.e., 
those with a history of rapid ventricular 
tachycardia or a cardiac arrest, in whom sites of 
origin for all tachyarrhythmias cannot be local- 
ized by pre-operative or intraoperative mapping 
techniques). This group may be ideally suited for 
the placement of the epicardial patch leads with- 
out implantation of the pulse generator at the 
time of ablative surgery. if a ventricular tach- 
yarrhythmia is still inducible postoperatively, the 
generator could be implanted without repeat tho- 
racotomy or sternotomy."' 


Ly 


Preimplantation evaluation 


Every patient should have extensive preimplanta- 
tion evaluation when being considered for the 
AICD. The information obtained during the pre- 
operative evaluation may avoid some frequently 
encountered postoperative complications. A 24- 
hour Holter monitor should be used to determine 
the frequency of nonsustained ventricular tachy- 
cardia and presence of supraventricular 
tachycardias. The AICD can be triggered by the- 
se arrhythmias, which rarely cause hemody- 
namic compromise and loss of consciousness. 
Because discharge of the AICD will occur while 
the patient is awake, the patient may experience 
extreme discomfort. The frequent discharge of 
the device will also lead to early battery deple- 
lion. 


Exercise stress testing should also be performed 
to insure that the maximum achievable sinus 
rate or maximum ventricular response to atrial 
fibrillation does not exceed the desired preset 
rate cut-off that will trigger the AICD. Similarly, 
electrophysiological testing should be performed 
in all patients prior to implantation, or order to 
demonstrate that the rates of all tachycardias 
initiated that result in hemodynamic compromise 
are above the rate cut-off selected. 


To avoid early battery depletion associated with 
frequent episodes of spontaneous ventricular tac- 
hycardia, and to avoid recurrent syncopal symp- 
toms that occur prior to AICD discharge, anti- 
arrhythmic therapy may be necessary to de- 
crease the potential for sustained ventricular tac- 
hyarrhythmias. 


If pharmacological therapy is indicated, we feel 
that programmed electrical stimulation should be 
performed after institution of the therapy but be- 
fore AICD implantation. This is necessary be- 
cause most antiarrhythmic agents tend to in- 
crease the ventricular tachycardia cycle length. 
The rate of the arrhythmia may slow below the 
rate required for triggering the AICD and the 
arrhythmia will persist. These slowed arrhyth- 
mics may still produce hemodynamic compro- 
mise or result in symptoms related to the devel- 
opment of congestive heart failure. Also, many 
antiarrhythmic agents have the potential to alter 
defibrillation thresholds.'?'°5 Thus, antiarrhyth- 
mic agents instituted postoperatively may pre- 
vent the device from appropriately sensing and or 
effectively terminating the arrhythmia. 


Implantation 


Several surgical approaches are currently avail- 
able for the placement ofthe patch leads. Me- 
dian sternotomy, left lateral thoracotomy, sub- 
xiphoid, and subcostal approaches have been 
used for placement of the leads. The subcostal 
and subxiphoid approaches tend to associated 
with a shorter postoperative recovery period. The 
subcostal, but not the subxiphoid approach, al- 
lows for placement of a two-patch system. A me- 
dian sternotomy permits direct visualization of 
the entire heart and is generally used when con- 
comitant procedures (i.e., coronary bypass graft- 
ing) are planned. 


The most frequently used surgical approach for 
patch lead placement is via a left lateral thora- 
cotomy.*® This approach also permils easy ac- 
cess for the placement of mulliple leads and al- 
lows for direct visualization. 


When the two-patch system is used, one patch is 


generally placed over the right ventricle, while 


the second is positioned over the postlateral re- 
gion of the left ventricle. If only one patch is 
used, it is placed over the apex of the left ven- 
tricle and a spring electrode is introduced via the 
left internal jugular or subclavian vein and posi- 
tioned at the junction of the right atrium and su- 
perior vena cava. A right ventricular endocardial 
rate-sensing lead can be introduced transven- 
ously if the surgical approach does not allow for 
the epicardial placement of the rate-sensing 
leads. All leads are tunneled subcutaneously to 
the generator pocket, which is routinely posi- 
tioned subcutaneously in the left upper quadrant 
of the abdomen. The signal from the rate-sens- 
ing lead(s) should have an amplitude >6mV.° If 
the electrogram is small, such as one would see 
in an infarcted area, inaccurate rate-sensing may 
occur. 


Following lead placement and before generation 
implantation, ventricular tachycardia, if present 
preoperatively, and ventricular fibrillation are ini- 
tiated to determine whether the lead configura- 
tion used results in effective arrhythmia termina- 
lion. Because the AICD delivers 16-30 J of en- 
ergy, it is desirable to achieve a patch-patch or 
patch-spring lead electrode configuration that re- 
sults in effective defibrillation with 20 J or less. 
This defibrillation threshold allows for a margin 
of safety should either the anatomic substrate for 
the arrhythmias change or drug therapy that 
may alter the defibrillation threshold needs to be 
initiated. 
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We found the large patch-to-large patch electrode 
configuration to be better than the spring-to-pa- 
tch or small patch-to-small patch configuration 
in achieving the lowest defibrillation threshold. 
Finally, the leads are attached to the generator 
and the arrhythmia reinitiated in order to dem- 
onstrate that the AICD generator functions nor- 
mally, and senses and terminates the arrhyth- 
mia. 


Interaction of the AICD with pacemakers 


Conduction system disease and symptomatic br- 
adyarrhythmias are frequently found in patients 
with chronic coronary artery disease who experi- 
ence life-threatening ventricular arrhythmias. 
Concomitant use of a permanent pacemaker 
with the AICD may frequently be necessary in 
patient management. There are two specific 
problems that may be encountered, related to in- 
teraction of the patient’s packmaker and the 
AICD. 


First, a unipolar pacing stimulus and the ven- 
tricular depolarization may each be counted as a 
ventricular depolarization by the rate-sensing 
electrodes. This sensed rate may exceed the rate 
limit of the AICD, particularly when associated 
with a burst of nonsustained ventricular tachy- 
cardia.*’ The second potential pacemaker-AICD 
interaction may occur during ventricular fibrilla- 
tion. The pacemaker may fail to recognize the fi- 
brillation and continue to pace during the 
arrhythmia. The AICD may sense the large am- 


plitude pacemaker stimulus and fail to recognize 


the faster rhythm, thus failing to deliver a poten- 
tially life-saving discharge.*’ These pacemaker- 
ACID interactions may be avoided by (1) using a 
bipolar, rather than a unipolar pacing system 
that will produce a lower amplitude pacing stim- 
ulus, and (2) by positioning the AICD rate-sens- 
ing leads at the maximum distance from the 
bradyarrhythmia pacing lead. The pacemaker 
should also be programmed to have the smallest 
effective pulse amplitude and the maximum sen- 
Sitivilty. 


The efficacy of the AICD 


Al the Hospital of the University of Pennsylvania, 
we have successfully implanted 38 AICD devices. 
Thirty-six patients had suffered a cardiac arrest 
and two patients presented with syncope. The 
latter two patients had rapid ventricular tachy- 
cardia iniliated reproducibly during programmed 
stimulation. The mean ejection fraction of our 
patient population was 34%. During a mean fol- 


low-up of 13.5 months (ranging 1.5-28 months), 
no patient-has died suddenly. Fifteen of our pa- 
tients have had the AICD discharge at least once 
for an electrocardiographically documented or 
suspected arrhythmia (Fig 1). Thirty-two of the 
38 patients in whom the AICD was implanted are 
alive. The remaining six patients died secondary 
to refractory heart failure, sepsis, respiratory fail- 
ure due to amiodarone pulmonary toxicity, or at 
the time of attempted cardiac transplantation. 
No patient died of sudden cardiac death. Thus, 
the overall survival during our follow-up period 
was 82.1%. Our results compare favorably with 
those tound by other investigators.*:!4 


Complications of the AICD 


Complications associated with the AICD can be 
divided into two categories, early or perioperative 
events and late complications. The mot common 
perioperative events are those related to the sur- 
gical procedure: atelectasis with or without pneu- 
monia, pneumothorax, serosanguinous pleural 
effusions, and wound infections. Seromatous 
fluid accumulation at the site of the abdominal 
generator pocket are commonly noted. The sero- 
mas usually resolve spontaneously. Large sero- 
matous collections may be managed by percuta- 
neous needle aspiration. 
intravenously, there is also the risk of vascular 
thrombosis, particularly in association with the 
use of the spring lead.*° 


In our series of 38 consecutive AICD implanta- 
tions, two perioperative complications could be 
uniquely attributed to the AICD. One patient de- 
veloped bleeding secondary to the epicardial pla- 
que electrode eroding into a small epicardial 
coronary artery. In a second patient, an embolic 
cerebral vascular event occuring two days after 
AICD implantation was felt to be secondary to 
termination of the patient’s longstanding atrial 
fibrillation at the time of intraoperative AICD 
testing. 


One of the most common late complications is 
the discharge of the AICD in the absence of 
symptoms attributed to ventricular tachycardia 
or fibrillation.24 This complication has occurred 
in 20% of our patients. We have documented 
AICD discharge during atrial fibrillation, sinus 


If leads are placed | 


tachycardia, or nonsustained ventricular tachy- 
cardia, but most frequently, no electrocardiogra- 
phic monitoring is being performed at the time of 
device discharge. Migration of leads placed 
intravascularly has also been a frequently re- 
ported late problem** We have found that this 
problem can be obviated by the use of silastic 
anchors at the venous insertion site or by using 
a totally epicardial approach for lead placement. 


Future advancements 


Although the AICD has added a new dimension 
to the care of patients with malignant ventricular 
arrhythmias, several modifications of the device 
are necessary for optimum function. A reduction 
in the physical size of the generator would be 
cosmetically, as well as technically, desirable. 
Programability of triggering rate selectivity and 
the amount of energy delivered would be advan- 
tageous, especially in those patients requiring 
changes in antiarrhythmic therapy that may al- 
ter both tachycardia rates and defibrillation thre- 
sholds.!° 


Incorporation of back-up bradycardia pacing ca- 
pabilities for those patients who develop tran- 
sient bradycardia postcardioversion, or for those 
patients that need chronic pacing, would obviate 
the need for two separate generators.'®'” Incor- 
poration of antitachycardia pacing capabilities 
with back-up defibrillating potential to manage 
tachycardia acceleration may make the device 
the ideal method of treating patients who have 
infrequent episodes of sustained ventricular 
tachycardia which is tolerated hemodynamically. 
A total endocardial lead system would eliminate 
the need and risk of a thoractomy.*!® A sequen- 
tial endocardial pulse delivery system may make 
this possible.'% 


Finally, recent work at our institution also sug- 
gests that various new pacing modalities may 
help prevent the development of ventricular 
tachycardia.2° These preventive techniques may 
be incorporated in the AICD system. It is our 
hope that with the advancement of technology, a 
flexible, multipurpose AICD system will find in- 
creasing application in the management of sus- 
tained ventricular arrhythmias. 
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FIG. 1: Recognition and termination of spontaneous ventricular tachycardia 
by automatic implant#hle cardioverter defibrillator (AICD) documented = .. 
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4. Current Techniques Used 
to Detect Silent Myocardial 
Ischemia 


Michael E. Assey, M.D. 


When myocardial oxygen demand exceeds sup- 
ply, ischemia results and when this ischemia 
fails to elicit: angina or an equivalent symptom, 
the term “silent myocardial ischemia” is applied. 
During the past 15 years, much has been lear- 
ned about the prevalence, prognosis, and patho- 
physiology of silent myocardial ischemia. This 
article limits itself to a discussion of detection 
while referring the reader to several excellent 
overviews of silent myocardial ischemia.!4 


A discussion of detection is timely because physi- 
cians are currently being asked to develop scien- 
tifically rational but cost-effective means of de- 
tection. A recent legal decision in the United 
States held physicians liable for failing to search 
for and treat silent myocardial ischemia in a pa- 
tient who subsequently presented with sudden 
cardiac death. Such legal pressure further em- 
phasizes the need for accurate means of detec- 
tion. 


The concept of an ischemia cascade has been 
proposed, emphasizing that angina, if present at 
all, is a late manifestation of myocardial is- 
chemia.° Generally speaking, myocardial func- 
tional abnormalities, hemodynamic changes, and 
electrocardiographic manifestations—reflecting 
myocardial malperfusion—occur prior to angina 
pectoris. In patients with silent myocardial is- 
chemia, due to a partially or completely defective 
anginal warning system, the demonstration of 
these vents allows a diagnosis of silent myocar- 
dial ischemia (Table 1.) 


General considerations concerning ischemia 
detection 


The value of any detection technique depends on 


the procedure’s sensitivity and specificity As well 
as the prevalence of the disease (myocardial is- 
chemia) in the population studied. For example, 
right angle ST segment depression during exer- 
cise testing of a middle-aged man with classical 
angina and known coronary artery disease is al- 
most certain to represent myocardial ischemia, 
even in the absence of chest pain. This is be- 
cause the pretest likelihood of having coronary 
artery disease and resulting myocardial ischemia 
is so high that an abnormal test is unlikely to be 
false-posilive. Contrast this, however, with an 
equally positive exercise test in an asymptomatic 
middle-aged man in whom the likelihood of hav- 
ing coronary disease is less than 5%. Using the 
same detection technique, the likelihood that the 
ST segment depression is due to myocardial is- 
chemia is less than 20%. Clearly then when 
evaluating the relative usefulness of various diag- 
nostic techniques, one must consider not only 
sensilivity and specificity but the disease preva- 
lence as well. 


Prevalence becomes particularly germane when 
screening for type I silent myocardial ischemia. 
According to the classification of Cohn,® indi- 
viduals with this type of silent myocardial is- 
chemia are totally symptomatic, presumably due 
to a defective anginal warning system. Preva- 
lence becomes less important when screening for 
type II (postinfarction silent myocardial ischemia) 
or type III patients (those with angina as well as 
silent ischemia). Most early studies investigated 
the prevalence and prognosis of silent myocardial 
ischemia in type II and type III patients. When 
similar means of detection are applied in type I 
individuals, a much lower pretest likelihood seri- 
ously hampers the predictive accuracy of the ap- 
plied detection techniques. 


Furthermore, coronary angiography, which is the 
conventional gold standard for assessing the ac- 
curacy of noninvasive techniques, may not truly 
reflect myocardial ischemia. In fact, myocardial 
ischemia should not be equated with coronary 
artery disease because some atherosclerotic le- 
sions, identified at angiography or necropsy, may 
not produce silent or symptomatic ischemia. 
Also, as seen with aortic stenosis, coronary ar- 
tery spasm, and syndrome X, ischemia may exist 
despite normal epicardial coronary arteries. 


Michael E. Assey, M.D., Associate Professor of Medicine; Director, Adult Cardiac Catheterization Laboratories, 


Medical University of South Carolina, Charleston, SC, USA. 
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Detecting silent myocardial ischemia: Resting 
electrocardiogram (ECG) 


An ECG obtained during an episode of chest pain 
or a suspected cardiopulmonary symptom is of 
obvious value in determining whether or not the 
symptom is due to myocardial ischemia. By defi- 
nilion, this approach is not applicable in screen- 
ing for silent ischemia in which case symptoms 
are absent or so atypical that they fail to alert the 
physician to perform an ECG,. The standard 
ECG may, however, identify patients as having 
coronary artery disease and significant myocar- 
dial ischemia by uncovering an unrecognized (or 
truly silent) myocardial infarction. In the Fram- 
ingham Heart Study, one-fourth of myocardial 
infarctions were diagnosed only by an abnormal 
ECG obtained every two years as part of the 
study protocol.’ These infarcts were either to- 
{ally silent (no symptoms of any type) or were as- 
sociated with symptoms so atypical as to escape 
recognition. The surprisingly high silent infarc- 
{ion rate must surely be an underestimate of the 


true frequency of silent infarction. Since the di- | 


agnosis was made on the basis of new pathologic 
Q waves or loss of R waves, non-Q wave infarc- 
tions would not have been included. Patients 
dying during the two-year interim would not have 
been analyzed and 10-25% of patients will lose 
their ECG stigmata of infarction during a two- 
year interval. 


The silent myocardial infarctions, however, were 
not benign. The likelihood of developing conges- 
tive heart failure, total cardiovascular mortality, 
and sudden cardiac death risks were equal in the 
silent and symptomatic infarction patients. Cla- 
ssically, the silent infarctions were more common 
in women, patients without prior angina and 
when the inferior wall of the left ventricle was the 
infarct site. 


Continuous ECG monitoring 


Chierchia et al studied 14 patients having rest 
angina with simultaneous hemodynamic and 
continuous ECG monitoring. Two-hundred 
ninety-three episodes of transient ST segment 
and Twave changes were identified, 84% of which 
were completely asymptomatic. The majority of 
these episodes were accompanied by an eleva- 
tion of left ventricular end-diastolic or pulmonary 
artery diastolic pressure. Furthermore, great 
cardiac vein oxygen saturation measured in three 
of the patients showed an increased myocardial 
oxygen extraction preceding and accompanying 
asymptomatic ECG changes. This helped prove 
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that these asymptomatic ECG changes repre- 
sented true transient myocardial ischemia. In 
general, the silent ischemia episodes were 
shorter and were associated with less impair- 
ment of left ventricular function as compared 
with the symptomatic episodes. 


The use of continuous ECG monitoring has pro- 
ved valuable in establishing prognosis when si- 
lent myocardial ischemia is detected in patients 
with unstable angina pectoris. Gottlieb evalu- 
ated 70 patients hospitalized with unstable an- 
gina defined as chest pain with transient ST Seg- 
ment shifts. When treated with long acting ni- 
trates, propranolol and nifedipine, 33 of the 70’ 
patients were without ischemic ST segment 
shifts. The remaining 37 patients had 205 is- 
chemic ST segment shifts, 90% of which were 
painless. At 30 days of follow-up, the group with 
silent myocardial ischemia, identified in this ma- 
nner, had a statistically significant higher inci- 
dence of myocardial infarction or need for coro- 
nary revascularization. Multivariant analysis 
showed silent ischemia to be the most potent 
predictor of subsequent cardiac events.'° 


Nademanee used continuous ECG monitoring to 
study a similar group of unstable angina pa- 
tients.!! Although clinically stable on antiangi- 
nal therapy, these patients demonstrated pro- 
longed ischemic ST segment shifts, 90% of which 
were painless. The prognosis worsened as the 
duration of silent ischemia increased. In 18 pa- 
tients with prolonged ischemia, defined as 
greater than 60 minutes of ST segment depres- 
sion, the cardiac event rate was particularly 
high. At a follow-up between three and six 
months there were five myocardial infarctions re- 
sulling in two deaths and two coronary bypass 
surgeries for postinfarction angina. Eleven other 
coronary bypass surgeries and one coronary 
angioplasty were required for medically refractory 
angina. Such studies demonstrate that continu- 
ous ECG monitoring of ST segment shifts not 
only demonstrates a high prevalence of silent 
myocardial ischemia but identifies patients at 
high risk for subsequent cardiac events, despite 
apparent clinical stability. 


Ambulatory ECG monitoring 


For the stable, ambulatory patient ECG monitor- 
ing to assess ischemia need not be confined to 
continuous ECG monitoring in the coronary care 
unit. Over a quarter of a century ago, Holter su- 
ggested that ambulatory ECG monitoring might 
be useful in diagnosing myocardial ischemia and 


assessing the efficacy of anti-ischemic therapy.!? 
Indeed, much of our knowledge about the pa- 
thophysiology of silent myocardial ischemia has 
come from ambulatory ECG monitoring. In gen- 
eral, these studies have shown that most is- 
chemic episodes in patients with established 
coronary artery disease are silent. On average, 
75% of all ischemic episodes, defined by ambula- 
tory ECG monitoring, occur without angina or 
equivalent symptom.'*'® This means that a pa- 
tient having three episodes of angina per day 
may in fact have a dozen ischemic episodes, with 
the silent episodes representing the bulk of the 
total ischemic burden. These silent ischemic epi- 
sodes are surprisingly prolonged, typically lasting 
six to 12 minutes, although in an individual pa- 
tient with both silent and symptomatic episodes, 
those associated with angina are generally longer 
and are associated wiih more ST segment de- 
pression. 3 


Most of the episodes of silent myocardial is- 
chemia uncovered by ambulatory ECG monitor- 
ing are not associated with an increased heart 
rate, nor do they occur with activities associated 
with increased myocardial oxygen demand.'*:'4 
This implies a supply side pathophysiology, with 
a primary reduction in myocardial oxygen supply 
mediating most silent ischemic events. Finally 
ambulatory ECG monitoring studies have shown 


that silent ischemia has a peculiar circadian — 


variation similar to that seen for myocardial in- 
farction and sudden cardiac death. Rocco et al!” 
demonstrated that 39% of all ischemic episodes 
(87% of which were silent) and 47% of the total 
ischemia duration occurred between 6:00 a.m. 
and noon. That period of time is also the peak 
frequency for myocardial infarction and sudden 
cardiac death. 


The use of Holter monitoring to assess ischemia 
has not been accepted withoui criticism. In the 
late 1970s, several authors cautioned against 
this approach, fearing a high frequency of false- 
positive results.'*'° As our understanding of the 
frequency response characteristics of available 
systems improved?° and patient selection was 
better defined,?! the technique has gained wider 
acceptance and is now widely used. 


Initially it appeared that the low frequency ST 
segmient shifts could only be reliably reproduced 
by frequency modulated Holter systems. At 
present, however, a number of FM and AM sys- 
tems meet the requirements of the American 
Heart Association, which specifies that systems 
detect frequencies between 0.05 and 100 Hz, that 


they have a constant amplitude versus frequency 
response, have minimal phase shift, and be free 
of baseline artifacts. Berman et al have pointed 
out, however, that these specifications are often 
reported only for the amplifier itself, and the 
other important components of the system, in- 
cluding the recorder, playback system, and print- 
out device, are not always considered.”? It is for 
this reason that we are reluctant to accept the 
information provided by recorders, even FM re- 
corders, that do not allow a full disclosure of ac- 
cumulated data. 


One of the important early studies proving the 
validity of this approach was that of Deanfield et 
al.'4 They studied 30 patients with effort angina 
and positive exercise treadmill tests, most of 
whom had angiographic evidence of coronary 
atherosclerosis. All patients had four consecu- 
tive days of monitoring yielding 1,934 episodes of 
right angle or down-sloping ST segment depres- 
sion. Only 24% of these ischemic ST segment 
shifts were accompanied by angina. To corrobo- 
rate that the ST segment shifts truly reflected 
myocardial ischemia, positron emission tomogra- 
phy (PET scanning) with **rubidium was per- 
formed. There was evidence of regional depres- 
sion occurring spontaneously, or induced during 
exercise or by cold pressor studies. 


More important than choosing a particular ma- 
nufacturer is adherence to basic principles de- 
signed to enhance the predictive accuracy of the 
technique. First, patients with resting repolari- 
zation changes, as seen with left bundle branch 
block, or in whom ST segment shifts are induced 
by postural changes or hyperventilation should 
be excluded from study by this technique. We 
instruct our technicians to obtain a baseline 
ECG with the patient supine, lying on either side, 
standing, and during hyperventilation. For a test 
to be considered positive for myocardial ischemia 
(and in the absence of symptoms indicating si- 
lent myocardial ischemia) the “1 X 1 X 1 rule” is 
utilized. There must be at least 1 mm or more of 
ST segment depression lasting at least one min- 
ute and separated by one minute or more of 
baseline ST segment position. The use of mul- 
tiple leads enhances the sensitivity of this tech- 
nique. 


The optimal duration of monitoring remains un- 
clear. Coy et al’ investigated 17 totally asympto- 
matic men with positive ST segment shifts during 
treadmill testing and found silent myocardial is- 
chemic ST segment in 11 patients. All 11 had 
significant coronary artery disease by angiogra- 


phy. During the first 24 hours of ambulatory 
ECG monitoring, only six of 11 patients showed 
silent ischema. Two others has silent ischemia 
when the monitoring period was extended to 48 
hours, while three patients required 72 hours of 
monitoring to demonstrate any degree olf myocar- 
dial ischemia. Tzivoni et al?* studied 20 patients 
with chronic stable angina, posilive treadmill te- 
sts for ischemia and proved coronary artery dis- 
ease with 72 hours of Holter monitoring. A total 
of 389 ischemic episodes was noted, 73% of 
which were silent. The investigators found a 
marked variability between patients in the num- 
ber of ischemia episodes (range 2-15 per day), 
duration of ischemia (range 6-419 minutes per 
day), and degree of maximal ST segment depres- 
sion. Daily variability in the number of ischemic 
episodes was 36% for an individual patient, 
while duration varied 51% and maximal degree of 
ST segment depression varied 31%. However, a 
single day of monitoring picked up almost 80% of 
the maximal number of ischemic episodes, two- 
thirds of the maximal duration and 84% of the 
maximal ST segment depression. Accordingly, 


these authors suggested that a single 24-hour 


monitor period was adequate for clinical pur- 
poses, although because of the spontaneous vari- 
ability, drug study analyses would require at 
least 48 hours of monitoring. 


Ambulatory ECG monitoring of patients with 
Stable coronary artery disease also have prognos- 
tic value. DeWood and Rozanski®?® compared 26 
ambulatory patients with silent ischemia with 
patients of similar anatomy showing no ische- 
mia. At three years of follow-up, the silent is- 
chemia patients had a significantly higher car- 
diac event rate (46% vs 9%) and a higher total 
mortality (23% vs 6%). 


Standard exercise testing 


At present, exercise testing is most often used to 
uncover silent myocardial ischemia. The predic- 
live accuracy of a positive test varies directly with 
disease prevalence and, therefore, comments 
about the utility of this technique in type II or 
type III patients may not be applicable to the scr- 
eening of totally asymptomatic individuals. Lind- 
sey and Cohn” studied 122 consecutive patients 
with stable coronary disease and abnormal coro- 
Nary angiograms using a double two-step test 
protocol. Thirty-six percent of all ischemic epi- 
sodes were silent, despite clinical and angiogra- 
phic similarity between silent and symptomatic 
patients. Weiner et al’? used bicycle ergometry 
or Bruce protocol treadmill testing to study 302 
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patients undergoing both exercise testing and 
coronary angiography. In 146 patients, an is- 
chemic ECG response and significant coronary 
disease was present, with 44% having exercise- 
induced silent myocardial ischemia. Two-thou- 
sand nine hundred eighty-two patients from the 
Coronary Artery Surgery Study were classified on 
the basis of ST segment response and symptoms 
during treadmill testing.” Those with ischemic 
ST segment shifts without angina (silent is- 
chemia) were compared with those who experi- 
enced angina alone and those with both angina 
and ischemic ST segment shifts. The prognosis 
for the silent ischemia group was not different 
from the symtomatic ischemia patients. Indeed, 
the prognosis was directly related to the underly- 
ing coronary anatomy, reflecting the amount of 
myocardial ischemia. For example, patients with 
triple-vessel coronary artery disease and silent 
myocardial ischemia had a 6% annual mortality 
rate at seven years of follow-up. In contrast, the 
survival was 86%—a 2% annual mortality rate— 
in single vessel disease patients. 


Falcone studied 473 patients undergoing both 
coronary angiography and exercise testing by 
supine bicycle ergometry.?° The prevalence of si- 
lent myocardial ischemia was 43%. Individuals 
with silent ishemia had a longer exercise dura- 
tion, reached a higher peak double product, 
manifested a greater degree of ST segment de- 
pression at peak exercise and more exercise-in- 
duced ventricular ectopy,. Survival curves, how- 
ever, in the medically treated patients with exer- 
cise-induced silent ischemia were similar to 
those with symptomatic ischemia. 


In contrast to these studies in type III silent is- 
chemia patients, there are only a few exercise 
Studies in type I individuals with angiographic 
corroboration of results. Foremost of these is the 
Norwegian Study of Erikksen and Thaulow.°° 
Two-thousand and fourteen middle-aged males 
were screened and angiography was offered to 
all those with angina on interview, angina during 
treadmill testing, ECG evidence of prior infarc- 
tion or ischemic treadmill test result. There were 
only 50 asymptomatic patients with both a posi- 
live exercise treadmill test and abnormal coro- 
nary angiography. This low disease prevalence, 
approximately 2%, is a major problem when any 
type of screening procedure for silent ischemia is 
used. 


The importance of screening for type I silent is- 
chemia is underscored by the subsequent clinical 
course of the 50 patients in the Norwegian 


Study. Virtually all who had a second coronary 
angiogram showed progression of coronary ath- 
erosclerosis. At 13 years of followup,*! 12 of 
these asymptomatic patients had subsequently 
died of cardiac causes. In the remaining 38, 15 
had sustained myocardial infarctions while 11 
others had developed angina pectoris. The fact 
that all but one of the deaths occurred in pati- 
ents with two-vessel or three-vessel coronary ar- 
tery disease underscored the fact that it is the 
degree of myocardial ischemia, rather than the 
presence or absence of symptoms, that deter- 
mines prognosis. 


The standard exercise treadmill test is attractive 
as a screening procedure for silent ischemia be- 
cause it can be used in the office at a relatively 
low cost. However, it must be remembered that 
a sensitivity of 60% and a specificity of 80% is 
less than optimal and, coupled with the low dis- 
ease prevalence in the asymptomatic population, 
requires a second validating test for most positive 
results. On the other hand, we refer for coronary 
angiography those patients with strongly posilive 
or early positive treadmill tests who have coro- 
nary risk factors even in the absence of cardiac 


symptoms. 


Exercise testing vs Holter monitoring 


Quyyumi et al’? studied 100 consecutive patients 
undergoing exercise testing, ambulatory ECG 
monitoring, and coronary angiography for chest 
pain. Of the 74 patients with angiographically 
significant coronary disease, ST segment changes 
during 48 hours of monitoring were seen in 52 
(sensitivity 77%). This was similar to the 73% 
sensitivity of standard exercise testing. Tzvoni et 
a)°3 also showed equal sensitivity and specificity 
for ambulatory monitoring and exercise tesling 
when type III patients were evaluated. 


We view these tests as having complementary 
value in the identification of silent ischemia in 
type II and type III patients. For the type I pa- 
tients, however, exercise testing is preferred to 
ambulatory ECG monitoring as a screening test 
for silent ischemia. In addition to the electro- 
cardiographic change, important information 
about left ventricular systolic function (and sub- 
sequent prognosis) can be inferred from the du- 
ration of exercise and the hemodynamic response 
to stress. The greater amount of leads available 
during treadmill exercise testing allows one to 
uncover ischemia in certain areas of the myocar- 
dium (such as the high lateral wall), not detect- 
able by standard Holter techniques. 
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Perfusion Scintigraphy 


thallium imaging significantly improves the 
sensitivity and specificity of ischemia detection 
when compared with standard exercise testing. 
The 80-90% sensitivity and 90% specificity of 
20lihallium stress imaging is particularly impor- 
tant when asymptomatic individuals are scr- 
eened for silent myocardial ischemia. Imaging 
techniques are virtually essential in patients with 
resting repolarization changes and those taking 
medications (i.e., diuretics, digitalis) known to 
cause false-positive ST segment shifts during ex- 
erTcisc: 


20lthallium imaging is often used to validate a qu- 
estionable or borderline positive routine exercise 
test. If the pretest likelihood of coronary artery 
disease is low (i.e., 5% in an asymptomatic indi- 
vidual) then a screening test with a sensitivity of 
60% and specificity of 80% will have a post-test 
likelihood of ischemia in the face of a positive re- 
sult of only 17%. Therefore, most the positive 
tests will be in individuals who do not have myo- 
cardial ischemia. Thallium exercise testing, with 
a better sensitivity and specificity, increases the 
likelihood that a positive test really indicates 
myocardial ischemia. Moreover, the combination 
of the ECG stress test and the perfusion scinti- 
graphy test in an example of sequential Bayesian 
analysis. In this approach, the post-test likeli- 
hood of the first screening test is taken as the 
pretest likelihood for the second procedure. Al- 
though in screening type I individuals thallium 
imaging may not improve sensitivity, specificity is 
significantly improved. This decreases the likeli- 
hood that normal people will be labelled as hav- 
ing myocardial ischemia, which would detract 
from attempts to screen high risk patients for 
coronary artery disease. 


Thallium stress testing is useful in type HJ 
(postinfarction) patients to assess residual is- 
chemia in the infarct area or uncover ischemia 
remote from the infarct site. Our current ap- 
proach is to image such patients during stress, 
four hours later (reperfusion scan) and, in the 
case of postinfarction patients with demonstrable 
scars, at 24 hours after exercise. Virtually all 
scars show some evidence of reperfusion, which 
is important prognostically because postinfare- 
tion silent myocardial ischemia has been shown 
to have independent prognostic significance. 


Thallium stress testing that uncovers silent myo- 
cardial ischemia has prognostic value in stable 
angina patients as well. We evaluated 55 subje- 


cts with thallium hypoperfusion during stress.** 
Twenty-seven patients demonstrated ischemia 


without symptoms (silent myocardial ischemia), , 


whereas 28 patients had angina with their myo- 
cardial ischemia. The groups were similar in 
terms of left ventricular function, coronary anat- 
omy, and conventional stress test characteristics, 
although the silent patients exercised longer and 
reached a higher peak-double product. Impor- 
tantly, at 30 months of follow-up, there was a 
statistically significant higher incidence of myo- 
cardial infarction in the silent group. This indi- 
cates that far from being benign, thallium hypop- 
erfusion during stress that is clinically silent in- 
creases the risk of myocardial infarction in at 
least some patients. Presumably these patients 
had an incomplete anginal warning system. Al- 
though they all had a history of angina (i.e., type 
III patients,), during stress they failed to have 
angina and thus their myocardial ischemia was 
unrecognized. 


Recently an improvement in imaging techniques 


with thallium testing has been the application of | 


single photonemission computerized tomography 
(SPECT). In our experience sensitivity and speci- 
ficily of thallium stress testing has been further 
enhanced with this modification. 


Palients with peripheral vascular disease are of- 
ten suspected of having coronary disease and si- 
lent myocardial ischemia but their claudication 
prevents them from undergoing conventional ex- 
ercise testing. In such patients, alternative tech- 
niques for silent ischemia detection are needed, 
because identification of significant ischemia 
would lead to preoperative coronary angiography 
and possibly myocardial revascularization prior 
to the planned surgical procedure. While several 
Studies support the use of intravenous dipyrida- 
mole in such patients,°> we have been impressed 
with the sensitivity and specificity of dobutamine 
Stress thallium imaging, particularly when com- 
bined with SPECT. A color-enhanced dobutam- 
ine stress thallium SPECT test (bull's eye tech- 
nique) in an elderly man with peripheral vascular 
disease but no angina was done. The stress im- 
age showed thallium hypoperfusion in the pos- 
terolateral left ventricular wall which normalized 
on redistribution studies four hours later. At 
coronary angiography, this patient had high 
grade stenoses in the obtuse Marginal (postero- 
lateral) branch of the circumflex coronary artery. 
Similarly another dobutamine stress thallium 
SPECT image in a man with an inferior defect, 
was done normalizing at rest. A search for silent 
ischemia in this patient was prompted by the 
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finding of asymptomatic atrial fibrillation on an 
annual physical exam. Conventional stress test- 
ing was nondiagnostic due to poor aerobic fitness 
resulling from obesity. 


A dobutamine stress thallium SPECT image was 
taken of a patient whose peripheral arterial vas- 
cular insufficiency prevented treadmill testing. 
The stress image demonstrated hypoperfusion of 
the septum and inferior hypoperfusion as well. 
The redistribution study, obtained four hours 
later, showed normalization of the septal perfu- 
sion with persistent defect (scar) in the inferior 
wall. At cardiac catheterization, this patient had 
a totally occluded right coronary artery (respon- 
sible for the inferior scar) and a 90% eccentric le- 
sion in the proximal LAD causing the septal is- 
chemia. 


When dobutamine is used with thallium imaging 
a specific protocol is followed. Infusion is started 
al 1Oug/ kg/ minute and, after five minutes, dur- 
ing which time blood pressure, 12-lead ECG, and 
cardiac rhythm are monitored, is increased to 
20ug/kg/minute. If the patient fails to increase 
his resting heart rate to 100 beats per minute, or 
greater than 50% over the resting heart rate, at- 
ropine (0.3-0.6 mg intravenously) is admini- 
stered. Our data suggest that the sensitivity and 
specificity of dobutamine thallium imaging com- 
bined with SPECT analysis exceed that of con- 
ventional thallium imaging and treadmill electro- 
cardiographic analysis. 


Mechanical abnormalities. 


Silent myocardial ischemia can be recognized by 
the development of regional left ventricular wall 
motion abnormalities in both diastole and 
systole. These occur very early in the ischemic 
cascade, preceding the development of hemody- 
namic and ECG changes. During invasive 
cardiac catheterization, such abnormalities can 
be induced by atrial pacing and reversed by intr- 
avenous or sublingual nitroglycerin. Sharma et 
al used such contractile abnormalities to __ vali- 
date that ST segment shifts were ischemic in pa- 
tients surviving out-of-hospital ventricular _ fib- 
rillation.*© 


Bonow et al studied asymptomatic and mildly 
symptomatic individuals with radionuclear ven- 
triculography in which ischemia is detected when 
a regional wall motion abnormality develops dur- 
ing stress and or there is a significant drop in left 
ventricular global ejection fraction.*” All patients 
who died during medical therapy had triple ves- 


sel coronary disease with stress induced ST seg- 
ment depression as well as a decrease in left ven- 
tricular ejection fraction. Prognosis was the 
same for symptomatic and silent patients. Al- 
though sensitive, the radionuclear ventriculo- 
gram (stress MUGA) technique suffers from a 
lack of specificity. Hypertensive patients and in- 
dividuals with nonischemic cardiomyopathy fre- 
quently show a drop in global left ventricular 
ejection fraction or a flat ejection fraction re- 
sponse to stress. Technical factors are also im- 
portant and are related to gating abnormalities, 
particularly in the case of atrial fibrillation and 
computer processing errors. 


Ambulatory monitoring of global left ventricular 
function (VEST) is now available commercially. A 
scintillation detector is placed over the cardiac 
blood pool and a background area of interest. 
This allows for a measurement of left ventricular 
ejection fraction at rest and under stress. Its 
usefulness appears to be in the validating of am- 


bulatory ST segment shifts, excluding false-posi- 
tive ECG changes. 


Other detection techniques 


In years past, myocardial ischemia was induced 
in the cardiac catheterization laboratory by atrial 
pacing. A certain percentage of these tests dem- 
onstrated silent myocardial ischemia. Although 
less frequently used today, some electrophysiolo- 
gists have shown that silent myocardial is- 
chemia, generally silent must be present to in- 
duce ventricular tachycardia.*® Other metabolic 
tests are now available and include PET imaging 
with metabolic tracers. The combination of a 
metabolic tracer with a flow tracer has ben use- 
ful in differentiating stunned or hibernating myo- 
cardium from scar tissue. Although attractive in 
their sophistication, these tests play a relatively 
minor role in silent myocardial ischemia detec- 
tion. 


Table 1 


REVERSIBLE 
MYOCARDIAL 
HYPOPERFUSION 


ELECTROCARDIO 
GRAPHIC 
CHANGES 


e 20] Thallium stress 
testing 


¢ Resting 
elecardiogram 


¢ Standard 
exercise testing 


¢ Positron scanning 
with 82 rubidium 
graphy 


¢ Continuous 
clectrocardio- 
graphic moni- 
toring 

¢ Ambulatory 
(Ifolter) 
monitoring 
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5. Endocardial Fulguration - 


A method for treatment of cardiac 
arrhythmias 


G. Fontaine*, A. Cansell** 


Rhythmology is a specialized subdivision of 
cardiology concerned with the study and treat- 
ment of cardiac arrhythmias, namely distur- 
bances of normal heartbeat rhythm. One 
such condition is when the heart rate is decel- 
erated, becoming slowed to the point where 
implantation of an artificial pacemaker may be 
necessary. An accelerated heart rate is how- 
ever the far more common form of arrhythmia. 


This condition may be associated with extra- 
systoles, which are abnormal and premature 
contractions of the heart, or tachycardia, namely 
extended periods during which the heart rate ex- 
ceeds 100 per minute in the absence of physical 
exertion. It is possible for the patient to experi- 
ence palpitations or indirect symptoms such as 
fatigue, dizziness or loss of consciousness. Too 
frequent occurrence of these symptoms or an 
overly excessive increase in heart rate can be life- 
threatening owing to the heart becoming inca- 
pable of fulfilling its function of maintaining. the 
body’s blood circulation. In the worst instance, 
tachycardia can lead to cardiac arrest and sud- 
den death. 


Previous methods of treating cardiac arrhythmias 


Tachycardia is normally treated with drugs wh- 
ich distribute throughout the body, like all 
drugs, but concentrate preferentially in the cells 
of the heart. Their action is to control the heart 
rate by modifying the conditions of activation and 
propagations in the myocardial tissues. Drug 
therapy of limited duration is sufficient in some 
cases. In others, especially with young patients, 
episodes of tachycardia are current and drugs 


must be administered on a regular daily sched- 
ule or even several times a day over long periods 
of time, every interruption in medication provok- 
ing a relapse. 


In the meantime a special pacemaker technique 
has been developed to terminate attacks of 
tachycardia, but it can only be employed in cer- 
tain cases and requires prior investigation of the 
individual patient at a cardiac catheterization 
laboratory to determine its suitability and pros- 
pects. The examination involves introduction of 
a probe into the interior of the heart through a 
vein or artery. The probe, essentially an electri- 
cally insulated wire carrying electrodes at its tip, 
measures phenomena inside the heart and is 
used to deliver artificial pacemaker impulses. 


The origin of arrhythmias may lie in any one of 
the heart chambers. Supraventricular 
tachycardia denotes’ disturbed rhythm caused 
by an ectopic focus in the atrium of the conduct- 
ing pathway between the atria and ventricles. 


Ventricular tachycardia originates in the ven- 
tricle and is frequently a consequence of earlier 
cardiac disease, it is also potentially graver. 
Only short-term improvement or palliation is to 
be obtained by treating ventricular tachycardias 
with drugs or the special pacemaker method de- 
scribed above, because neither of these produces 
any change in the cardiac tissue containing the 
arrhythmogenic substrate, meaning that it can- 
not effect real and lasting cure. 


Before now, the only more radical approach ava- 
ilable has been open-heart surgery, which neces- 
sitates surgical opening of the chest, temporary 
substitution of natural cardiac action by a hear- 
tlung machine, and operating the interior of the 
heart in an attempt to correct the disorder, 
which can be done by incision into the arrhy- 
thmogenic area or by Cryosrugery. Such radical 
surgery is only performed when the patient’s life 
is immediately endangered, since the operation 
itself entails a certain degree of risk and the 
prospects of it being successful are not assured. 
Moreover it has to be carried out by highly spe- 
cialized teams, of which there are but a small 
number in the world. 
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Endocardial fulguration 


Endocardial fulguration is a new technique of 
ablating or modifying morbid tissue in tachy- 
cardia by means of electrodes attached to cathe- 
ters similar to those employed for conventional 
intracardiac examination. 


Through the electrode, a strong but brief electri- 
cal pulse—typically several thousand volts and 
20 to 40 amperes of a few milliseconds dura- 
tion—is applied to the abnormal tissue. 


The current is generated by capacitative discha- 
rge between the electrode tip of the catheter posi- 
tioned in the heart and a large metal plate placed 
on the patient’s back. When the pulse is trig- 
gered, an electric spark is delivered from the 
electrode within the heart, producing a dual ef- 
fect: punctiform burning of tissue due to the 
thermal energy released and alteration of the 
conductivity of the surrounding tissue due to the 
explosive impact of the shock wave accompany- 
ing the spark. 
Before fulguration can be carried out, the exact 
target for treatment must be localized by map- 
ping the stimulation phenomena taking place 
within the heart through extensive and intricate 
measurements. The lime at which the stimula- 
tion wave passes several preselected points in the 
respective heart chamber is measured and com- 
pared with the heart’s electrical activity as re- 
corded by an external electrocardiograms. 


Advantages 


The most important advantage of the endocardial 
fulguration technique consists in it being an elec- 
trophysiological rather than a surgical approach, 
enabling it to be performed on severely ill pa- 
tients with a high surgical risk although it must 
Still be considered a radical method in view of the 
physical action produced on tissue at the 
arrhythmogenic zone. In contrast to surgery, 
repetition of the procedure if it is initially unsuc- 
cessful or only partially successful does not en- 
tail any problems. 


Treatment may be either direct or indirect. In 
the direct method, the focus of the disorder itself 
is treated, as when fulguration is applied directly 
to the morbid tissue in ventricular tachycardia. 


In indirect treatment, by contrast, the aim is not 
to fulgurize tissue at the arrhythmogenic zone in 
the atria, or between the atria and ventricles but 


32 


to interrupt the normal conducting pathway be- 
tween the atria and ventricles (the bundle of His). 
This is the preferred method of treatment for su- 
praventricular tachycardia, because the arrhy- 
thmogenic zone is usually not exactly localizable 
in this type of arrhythmia and therefore cannot 
be treated directly whereas the atrioventricular 
bundle is readily localized. 


Interruption of conduction by the atrioventricular 
bundle prevents transmission of atrial tachy- 
cardia to the ventricle, then enabling heart action 
to be normalized with a conventional pacemaker. 
Of these two forms of fulguration, the indirect 
methods could soon emerge as routine for inter- 
ruption of the atrioventricular bundle, as its 
clinical evaluation is already well advanced. 


Application 


In addition to an anesthetist, the team perform- 
ing endocardial fulguration must comprise at 
least four cardiologists, each familiar with a par- 
ticular aspect of the procedure. One specialist is 
required to induce artificial tachycardia, a sec- 
ond to monitor blood pressure, a third to inter- 
pret the signals transmitted from intracardiac 
electrodes, and the fourth to operate the fulgura- 
tion apparatus. 


Permanent recording is made of all data obtained 
during the 4- to 5-hour procedure: ECG deriva- 
tives, signals from the fulguration catheter and 
other intracardiac probes, arterial blood pres- 
sure, and all other relevant information. The 
precise course of the catheter must also be moni- 
tored continuously and is recorded as an x-ray 
image on video tape. 


Delivery of the fulguration pulse is controlled by 
countdown so as to be able to keep a proper 
check on all instruments and to concentrate the 
information as fully as possible. After discharge, 
the success of treatment is investigated and, if 
necessary, a second or several more pulses can 
be delivered. On completion of treatment, the 
patient is continuously monitored in the inten- 
sive care unil (ECG and possibly intracardiac 
blood measurement), but is able to leave bed the 
next day. 


Clinical results 


Using special materials, our Paris group at the 
Jean Rostand Hospital in Ivry has investigated 
20 patients over a period of 17 months. Twelve of 
these underwent treatment for supraventricular 


tachycardia and results were generally success- 
ful, the maximum assessment time being 17 
months. The experience gained corroborates re- 
sults obtained by other groups, especially in the 
[oes Niet! 


The other eight patients were treated for ven- 
tricular tachycardia. Good partial success has 
been achieved to date. Localization of the target 
for treatment still presents many problems and 
the final version of the protocol has only recently 
been established. Considering the critical condi- 
tion of the casés treated (some near death), the 


results achieved so far may be considered most 
impressive. 


Application of the endocardial fulguration tech- 
nique to human patients is still quite new and 
our group is regarded as that possessing the 
greatest experience in this specialized method of 
treating ventricular tachycardia. It is a highly 
promising technique but its broader application 
is predicted on development of apparatus which 
will enable all steps of the procedure to be per- 
formed with relative ease. 


MEDICAL IMAGING 


6. Present and Future Per- 
spectives of Application and 
Utilisation of Modern Tech- 
nology in Medical Imaging 


Lt. Col. (Dr.) D. B. Ray AMC (Retd.)* 
MBBS, MHA Psc. 


I Introduction 


One gets easily bewildered at the explosive 


growth of new technologies as exist today in field 
of medical imaging. With a single article will it 
be possible to summarise some of the major is- 
sues of imaging! —that is the challenge. Even 
though the obvious answer to the question is no, 
there are certain issues that need to be put into 
perspective since these represent major social or 
economic issues in health care delivery. Hence 
in the following paragraphs, presentation in brief 
will include 

(a) interventional radiology, 

(b) recent advances in contrast agents, 

(c) increasing use of digital X’ray imaging, 

(d) development of new radiopharmaceuticals, 

(e) realtime and Doppler ultrasound, 

() computed tomography (CT), 

(g) advancements in Magnetic Resonance Imag- 
ing (MRI) 

(h) movements towards Picture Archiving and 
Communication System (PACS) and 

(i) making X’ray devices ‘intelligent’. 

However I wish to reiterate, before starting, that 
due attention must still be given to the immense 
role that plain films perform in medical diagnosis 
and especially so, when in the majority of the de- 
veloping countries most of the population live in 
rural areas and about half the rural hospitals in 
these countries do not have X’ray units. para- 
doxically 80% of such rural patients suffering 
from trauma, chest disease or less frequently, an 
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acute abdominal condition, can be treated more 
satisfactorily following a simple radiographic ex- 
amination. 


II Major Advances in Imaging 
A. Interventional Radiology 


The term interventional radiology relates to a 
subspeciality of radiology dealing with a variety 
of percutaneous image-guided alternative or aids 
to surgery. This relatively new discipline encom- 
passes a series of invasive procedures which are 
performed either under fluoroscopic guidance or 
under Computed Tomography (CT) and _ ultra- 
sound guidance: 


a) Percutaneous biopsies (organs, bones, soft 
tissues etc.) - under the guidance of any one of a 
number of imaging modalities - including CT, ul- 
trasound and fluoroscopy - a biopsy needle is 
placed in desired location and a small amount of 
tissue removed which is then sent for cytologic 
study to arrive at a definitive diagnosis within a 
very short time. 


b) Percutaneous drainages - 


i) Biliary drainages : internal, external 
ii) Nephrostomies 
iii) Stent Placements 

iv) Abscesses 


The one feature common to all of these proce- 
dures is the extensive use of ultra sound and CT 
for the pinpoint localisation of the target. Once 
the obstructed system or fluid collection has 
been localised, the catheter is placed percutane- 
ously under local anasthesia and aseptic precau- 
tion, and decompression can begin. These mini- 
mally invasive procedures offer a viable alterna- 
tive to surgery with comparable, and in many 
cases, lower morbidity and mortality rates. 


Cc) Percutaneous extraction - 


i) Calculi (gall stones, kidney stones) 
ii) Foreign bodies (fractured intravascular 
catheters, pacemaker wires) 


High technology (high frequency ultrasound 
probes, lasers) combined with ready access pro- 
vided by biliary and nephrostomy catheters al- 
lows relatively easy access to assorted calculi 
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which can then be (i) removed with a basket (ii) 
fragmented and suctioned out by lasers or ultra- 
sound or (iii) dissolved by infusing appropriate 
Solutions through the catheter. Radiologists are 
frequently called up to remove dislodged or frac- 
tured devices like plastic angiocatheters, central 
venous lines and Swan-Ganz catheters from the 
pulmonary artery or subclavian vein; many of 
these areas which were accessible until recently 
by complicated and extensive surgical proce- 
dures can now be done safely and economically 
under non-invasive radiologic guidance. 


a) Vascular interventional procedures 


Vascular interventional radiology deals with ei- 
ther opening up of narrowed blood vessels called 
Percutaneous Transluminal Angioplasty (PTA) or, 
closing off of blood vessels called Embolization. 


i) PTA: Under fluoroscopic control and utilis- 
ing a range of guidewires and soft catheters, the 
stenosed arterial segments or totally occluded ar- 
terial segment is traversed with a guidewire fol- 
lowed by an angiography catheter. The guidewire 
is then exchanged for an appropriate angioplasty 
balloon catheter, which after being placed across 
the structure is inflated for a few seconds in the 
case of coronary angioplasty and 30 seconds for 
most other vessels. The initial application was in 
lower limb arteries but current application ex- 
tends to the upper limb, vertebral, carotid, renal 
and visceral arteries. The same mechanism is 
used for dilating coronary arteries, oesophageal 
strictures and strictures of the biliary tree. 


ii) Embolization - Rapid control of massive 
gastro-intestinal (GI) bleeding is still one of the 
most common interventional emergencies. Sig- 
nificant advances in the field include fluoroscopi- 
cally guided catheters, rapid setting glues and 
particles, as well as metal coils and detachable 
balloon catheters; the end result of these various 
devices is the occlusion of an artery proximal to 
the site of bleeding. In the last 15 years or so, 
this field of vascular occlusive therapy has 
undergone an exponential expansion with refine- 
ments in catheterisation techniques, the develop- 
ments of newer catheter materials and steerable 
guide wires, and the applications range from the 
management of arteriovenous malformations of 
the brain to traumatic lesions of the pelvis.., 


e)  Fibrinolytic Therapy - 


Under imaging guidance (generally fluoroscopic) 
a catheter is placed in the occluded vessel. 


Streptokinase, urokinase, etc. is then infused 
through the catheter in an effort to dissolve the 
clot, rapidly and effectively. The indwelling 
catheter also allows repeated injections of con- 
trast materials, so that dissolution of the clot 
and restoration of vessel patency can be simply 
and frequently monitored. 


The field of interventional radiology is developing 
with new techniques emerging almost daily. The 
end result of these developments is shorter hos- 
pital stays, reduced medical costs, and improved 
patient care. | 


B, Recent Advances in Contrast Agents 


To enhance the visualisation of certain struc- 
tures in the body, all contrast agents in radiology 
and the intravascular contrast agents currently 
utilised have iodine atoms attached to fully sub- © 
stituted benzene rings. Compounds that were 
thought to offer increased safety compared to 
conventional agents, were developed using the 
same basic principle in the late 1960s and early 
1970s. The older conventional agents (devel- 
oped in 1950s) possess osmolarity from approxi- 
mately 800-2000 mOsm/kg as against osmolar- 
ity of blood 300 mOsm/kg; many of the compli- 
cations like general systemic, renal, cardiac and 
peripheral vascular effects with conventional 
agents can be traced directly to this marked hy- 
pertonicity; moreover conventional contrast 
agents are ionic in character. The newer con- 
trast agents differ from conventional ones with 
decrease of osmolarity to approximately half. 
With lower osmolarity, th new contrast agents 
(Hexabrix of Mallinckrodt, Iopamidol (Isovue) of 
ER Squibb & Sons and Iohexol (Omnipaque) of 
Winthrop) are clearly attractive alternatives, bar- 
ring their cost which is much greater than con- 
ventional agents. Nonionic contrast agents have 
reduced the toxicity of arteriography, myelogra- 
phy and intravenous urography, which allows 
more patients to be examined safely and pain- 
lessly. The absence of pain on injection enables 
the patient to lie perfectly still so that subtrac- 
tion techniques are readily performed. During 
interventional type procedures, to verify the 
status of occlusion balloons etc., multiple injec- 
tions to the same site can lead to capillary dam- 
age and complications. The nonionic contrast 
agents have almost eliminated this concern. Ad- 
ditional companies are coming out with non-ionic 
contrast agents so that we may see price reduc- 
tion in the near future. 


C. Increasing Use of Digital X-Ray Imaging 


In conventional radiography, the image is de- 
tected on film and displayed on a lightbox, and in 
many cases the image is processed before display 
to provide better adaptation to human percep- 
tion. In imaging modalities using film as a re- 
cording medium, the image information is in an 
analogue form, and digitalisation is required to 
convert it into a computer readable form before it 
can be processed. The amount of light transmit- 
ted, when recording done on film is illuminated, 
is measured and this information is then digit- 
ised by an analogue.digital converter and entered 
via an interface into the computer. In the com- 
puter, the image is stored as a set of picture ele- 
ments or pixels, arranged in rows and columns, 
and image by image. Each pixel is assigned a 
grey scale value representing the measured 
physical quantity at the corresponding point in 
the image. In mathematical terms, the arrange- 
ment is most easily expressed as a grey value as- 
say Gn (x,y) where x and y are spatial co-ordi- 


nates and n specifies the image number, which . 


can depend on time, position, energy, etc. Digital 
image processing, in its basic form, consists of 
rearranging or mixing the grey values of the pix- 
els, may be to store an image in a file i.e. to re- 
duce it to a compressed coded form, or to adapt 
to the requirements of the observer during dis- 


play. 


There are two basic types of digital image proc- 
essing to aid the radiologist in optimally inferring 
the unknown state of the imaged part of the hu- 
man body from the set of images: (a) extraction of 
physiological parameters (or quantitative meas- 
urements) and (b) modification to another type of 
pictorial information. The extraction of func- 
tional physiological information from a series of 
images is known from radionuclide imaging 
which will be reviewed subsequently. Visual per- 
ception of image details can be improved by con- 
trast enhancement which can be achieved either 
globally or locally, as a function of pixel level (X- 
ray exposure, CT number, relaxation time etc.), 
spatial frequency or temporal parameters and 
physics related parameters. Contrast as a func- 
tion of pixel level is enhanced globally when ordi- 
nary brightness and contrast adjustments are 
made. For local contrast adjustments as a func- 
tion of pixel level taking into consideration the 
surroundings alone, histogram modifications are 
employed. The histogram indicates the number 
of pixels, with brightness corresponding to each 
grey-scale level. The histogram is modified ac- 
cording to a prescribed curve, which may be in 
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the form of a constant (the number of pixels for 
all grey scale levels is equal) or a hyperbola (com- 
pensating for the logarithmic response of the 
human eye). All picture elements are then trans- 
formed in such a way that they result in the pre- 
scribed histogram. The corresponding transfor- 
mation can be calculated from the given values of 
the histogram of the primary image and the his- 
togram aimed at. Although this manipulation is 
purely cosmetic in the sense of adding no new in- 
formation but adapting the information content 
to the eye, the result is striking. Histogram hy- 
perbolisation image enhancement procedure is 
applied only to a section of the image by interac- 
tively marking the part required. This zonal 
processing has the advantage of computation 
time. Often, specially in conventional radio- 
graphs, the pixel level is not a good specifier of 
an anatomical feature; the size or the spatial [re- 
quency contents of the feature may be better. In 
such cases contrast can be enhanced by spatial 
frequency filtration. ‘Unsharp mask filtering’ is 
one such technique which subtracts a weighted 
low-pass version of the input from the image it- 
self. In Digital Subtraction Angiography (DSA), 
subtraction of images acquired before and after 
opacification of the vessels with a contrast me- 
dium is effected; the conspiquity of the contrast 
filled vessel is raised by subtracting the struc- 
tures of the surroundings. Visualization of coro- 
nary arteries after injection of contrast medium 
is difficult because of the nearly simultaneously 
occurring opacification of the pulmonary and 
cardiac vasculature. To eliminate the effects of 
heart motion an integrated phase-matched sub- 
traction technique is used in which each contrast 
image from a gated or high frame rate sequence 
is subtracted from the average of all available 
contrast-free phase-matched images. An inspec- 
tion of the contrast passage history curves 
(Opacification of a vessel region as a function of 
time) of the left anterior descending coronary ar- 
tery, aorta and pulmonary vein reveal poor tem- 
poral separation, so that remasking cannot can- 
cel the pulmonary veins without subtracting 
coronary artery contrast. In addition since the 
cure-shapes are similar, techniques which selec- 
tively suppress a temporal frequency range tend 
to affect the coronary and pulmonary vessels 
equally. The algorithm for distinguishing pulmo- 
nary from coronary behaviour, calculates, for 
every pixel, the sum of squared deviations be- 
tween the pass curve of the pixel and a reference 
region. In this way, a single parametric image is 
formed from the series of temporal images. Such 
computerised subtraction has enabled high qual- 
ity angiography to be performed as a relatively 


non-invasive routine examination, rather than as 


a difficult and sometimes risky complex proce- 
dure. 


Having processed an image, the next logical step 
is digital image storage. To achieve this economi- 
cally, in terms of both time and storage capacity, 
the number of bits of images with high informa- 
tion content has to be reduced. This can be 
done, without loss of image quality by trans- 
forming the image in an appropriate space where 
less extensive coding is required than in the 
original image space.. Drawing on the experience 
obtained in telecommunication and data storage 
it is possible to transmit digitised medical images 
and other data without information loss via 
cables or fiberoptic links and to store them on 
optical discs, so that virtually instantaneous 
storage and retrieval of medical images via a cen- 
tral digital archive is already a practical possibil- 
ity. One optical disc has a capacity of 10" bits, 
so that a ‘juke box’ of discs would be sufficient 
for a year’s image storage. 


Digital image processing is in a state of continu- 
ous evolution. Two events in particular, viz.start 
of wide-spread clinical application of Magnetic 
Resonance Imaging (MRI) and the advent of 
filmless computed radiography, have stimulated 
increased activity. In addition hardware develop- 
ments have enabled the implementation of com- 
putation intensive algorithms, such as large ker- 
nel filter operations wilh acceptable computation 
times at affordable costs. While processing 
methods for parametric images will be refined, 
increased efforts in the diagnostically oriented 
processing for supporting the clinician in assess- 
ing specific disease states or anatomical patholo- 
gies are expected. 


D. Development of New Radiopharmaceuticals 


The aim of nuclear medicine is to make a diagno- 
sis with the aid of highly specific radiophar- 
maceuticals. This would require that these 
agents are very selective for the site of accumula- 
tion. Theoritically, the radiopharmacological be- 
haviour of radiopharmaceuticals and their scinti- 
graphic pattern of distribution in the body could, 
therefore, be indicative and specific for a dis- 
ease. In practice, however many radiophar- 
macéuticals are not very selective as to where 
they accumulate. 


Nuclear medicine began with the development of 
191] as a practical radiopharmaceutical and came 
to be practised widely with the development of 
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°mTc, and of cardio-nuclear medicine with the 
development of "TI. The recently developed °I 
labelled IMP is a very important new medicine fa- 
cilitaling cerebral blood flow imaging and along 
with "TC-HM-PAO, which is most recent to ar- 
rive at the market, will probably give a strong 
impetus to further development of nuclear medi- 
cine. 


Either the rotating gamma Camera Emission 
Computed Tomography (ECT) device, or the mul- 
tidetector Single Photon Computerised Tomogra- 
phy (SPECT) device is utilised for examinations 
using IMP. As the sensitivity and resolution of 
the latter are particularly high, it can obtain 
more information than the rotating camera ECT 
device. With this new machine a new clinical 
perspective has been opened, as diagnosis can be 
performed not only by using static images, but 
also by tracking the change in IMP distribution 
in the brain after intravenous injection. SPECT 
techniques provide three dimensional data that 
are subsequently displayed as scintigraphic 
slices. This enables not only detection of the tu- 
mour more specifically in the body, but is also 
important for the determination of the tumour 
volume. With the use of radiolabelled antibodies, 
diagnostic testing in malignant disease has im- 
proved. Immunoscintigraphy has been used to 
image cancers, including gastrointestinal malig- 
nancies, melanoma, prostate carcinoma, liver 
carcinoma, breast carcinoma and genitourinary 
carcinomia. 


Not until the past decade, has radionuclide imag- 
ing become a widely accepted and available tech- 
nique for non-invasive cardiac evaluation. With 
this technique, both functional and myocardial 
perfusion studies can be performed routinely. 
The procedure of radionuclide cardio-angiogram 
(RNCA) is simple requiring only an intravenous 
injection of radionuclide and application of elec- 
trode to the patient’s body for ECG monitoring. 
The risks to the patients are minimal and involve 
only those resulting from radiation decay. Re- 
cently the three-dimensional concentric display 
of cardiac muscle function and the new factor 
analysis technique have been introduced and 
they are opening up new horizons in functional 
analysis of organs. The latter technique extracts 
a characteristic pattern from a group of succes- 
sively gathered images by statistical methods and 
displays a functional map of movement of the 
pattern. 


Positron ‘Emission Tomography (PET) provides 
quantitative three dimensional images of specific 


biochemical, physiologic and pathophysiologic 
processes in the living human brain and several 
other organs of the body. Positrons are positively 
charged electrons that some, physicists say, 
travel backwards in time. When they meet their 
normal negatively charged counterparts, both 
disappear in a great flash of energy that positron 
tomography are designed to detect. Two so 
called ‘annihilation’ photons or rays are emitted 
at angle of 180°. The fundamental principle of 
PET is the localisation of the points of origin of 
the annihilation photons generated at the site 
where positron emitted from the injected tracer 
or radiolangied meets the real electron. The de- 
tectors are therefore designed to record coinci- 
dent radiation i.e. photons that strike opposite 
detectors simultaneously. Much additional work 
will be required to extract a maximum amount of 
useful information from the application of PET 
technology; yet PET is the only existing in vivo 
technology now suitable for study of metabolic 
activilies like neurochemical systems in the hu- 
man brain. 

E. Realtime and Doppler Ultra-Sound 

An ultrasonic target is a surface that causes re- 
flection of ultrasound when a wave front emitted 
as a narrow beam by ultrasound transducers 
containing piezo-electric crystals encounters an 
interface between two materials of different den- 
sity and with different acoustic impedances. e.g. 
pericardium, myocardium, endocardium, etc. In 
case of echocardiography, reflected ultrasound 
echoes striking the crystal surface generate vi- 
brations that are converted to electric impulses, 
amplified and processed. Electronic circuits 
measure the time delay between the emitted and 
received echo, and using the known speed of ul- 
trasound in tissue, convert this time delay into 
the precise distance between transducer and tis- 
sue. The intensity of the reflected echoes is pro- 
portional to the density of the reflecting tissue, 
whereas an analysis of the frequency shift be- 
tween the emitted and reflected ultrasound 
waves provides information on velocity. The dis- 
tance and density information are used to gener- 
ate unidimensional or two dimensional (2-D) im- 
ages of the tissue; velocity data are used to study 
flow within cardiac structures. 


In M-mode echocardiography, a unidimensional 
image is obtained in its usual presentation as a 
graph on television screen; the density (image 
brightness) of tissues and their position along a 
single stablike line are plotted on the vertical axis 
while the time history of the image sweeps hori- 
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zontally across the screen. In 2-D scan by mov- 
ing the narrow ultrasound beam across the tar- 
get field (scanning), information is obtained on 
position and motion in a second dimension per- 
pendicular to the ultrasound beam; the ultra- 
sound beam thus examines an entire plane or 
cross section of the target object. the actual im- 
age consists of a series of adjacent M mode line 
displays in which the bright dots and lines are 
fused by the observer’s eye to form an integrated 
picture. The beam scans the field so rapidly that 
very few changes can occur in field, during a 
single scan period. This scanning technique is 
called real-time B-mode scanning, or commonly, 
2-D echocardiography in case of heart; changes 
within the cross section can be followed by re- 
peating the scan even as frequently as every 17 
msecs. 


Whereas the cardiac structures and their motion 
are visualised with 2-D echocardiography, Dop- 
pler echocardiography studies the flow of blood 
within these structures. In the clinical applica- 
tion of the Doppler principle, ultrasound is emit- 
ted by a stationary transducer, the red blood 
cells act as moving reflectors, and the reflected 
ultrasound is recorded by the same or different 
transducer. In modern echoscanners, both imag- 
ing and Doppler measurement capabilities are of- 
ten combined. In pulsed wave doppler, moderate 
to high velocities can be measured at selected lo- 
cations within the circulation, whereas in con- 
tinuous wave doppler, higher velocities can be 
measured and this ability is of particular impor- 
tance in the evaluation of patients with valvular 
and congenital heart disease. To obtain better 
spatial orientation of flow within the cardiovascu- 
lar system, real time colour flow mapping, a tech- 
nique combining 2-D echo and pulsed doppler, 
has recently been introduced, and the velocity 
signals are converted into colour displays. To 
avoid the difficulties of transthoracic echocardi- 
ographic views in patients with obesity, emphy- 
sema or abnormal chest wall anatomy, transoe- 
sophageal echocardiography (TEE) with a combi- 
nation of M-mode, 2-D and colour flow capabili- 
ties, offer not only less likelihood of images dis- 
tortion, but also possibility of continuous _ re- 
cordings of cardiac activity for extended periods 
of time, because of the stability of the transducer 
position in the oesophagus. Qualitative and 
quantitative haemodynamic and anatomic infor- 
mation regarding valve defects and cardiac 
shunts especially in neonates and children with 
congenital defects are now available with these 
versatile diagnostic tools. Even prenatal diagno- 
sis of structural heart disease is now a reality. In 


fact truly useful information about hemodynamic 
events all_over the body is now available. 


To evaluate the abdomen and pelvis sonographi- 
cally transabdominal (TA) has so far been the 
modality of choice but enhanced resolution af- 
forded by the recently available transvaginal (TV) 
probe can replace the TA approach in future. TV 
probe besides imaging the endometrium in 
greater detail has contributed significantly to the 
identification and assessment of intrauterine and 
extrauterine gestation. Similarly intracavity 
sonography of the bladder and transrectal 
sonogiaphy can help in early detection and stag- 
ing of bladder and prostate cancer with images 
superior to those obtained with conventional 
transpelvic approach. Even ultrasound has been 
found to be a simple, reliable, relatively non-ex- 
pensive and non-hazardous intra-operative 
screening technique for examining the common 
bile duct during cholecystectomy and providing a 
reliable guide as to whether surgical exploration 
is indicated. 


The potential of the state-of-the art of ultra- 
sonography for providing comprehensive and ac- 
curate information about various anatomic 
structures, superficial and deep, moving and sta- 
tionary and cystic and nodular is undergoing 
continued technological refinements and exper- 
tise. Use of this technique will be of great benefit 
in reducing the need for many expensive and 
hazardous diagnostic procedures and hence rec- 
ommended as primary method for medical imag- 
ing. However it must be remembered that accu- 
racy of diagnosis improves with increased experi- 
ence, improved working methods, and versatile 
equipment system. It is true that the combina- 
tion of a good sonographic image and an exam- 
iner with sufficient experience can yield a sensi- 
tivity and also a specificity that have no specific 
disadvantage when compared with computed 
tomography (CT). 

F. Computed Tomography (CT) 

CT is a specialised X-ray examination. Every CT 
scanner consists of (a) X-ray source (Tube and 
HT generator), (b) detector(s), (c) data processing 
and display facilities and (d) scanning gantry and 
patient support. The process consists of rotating 
an X-ray tube around the patient. X-rays pass 
{through the patient and are captured by an array 
of detectors. Structures within the patient 
change the characteristics of the X-ray beam, 
thus the beam that reaches the detectors carries 
information about the internal anatomy of the 
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patient. This information is assembled to form a 
recognisable image by high speed computers and 
displayed on a screen. Rotation of the X-ray 
tube ensures that samples are taken from many 
different angles and this makes the final picture 
much more accurate. 


Now-a-days CT has become a routine procedure 
for examinations of the whole body, the abdomi- 
nal and thoracic organs, and the extremities, as 
well as for examination of body structures with 
various aims and indications and of course many 
different detailed examinations of the brain and 
skull. CT scanning had also answered many of 
the problems associated with quantitative diag- 
nostics, heart examinations, and all types of 
treatment planning and control for radiotherapy. 


For the quality of a CT image, parameters like 
contrast discrimination, spatial resolution, fine- 
ness or thickness of the imaged layer, dose and 
exposure time for the individual layer, freedom 
from artifacts, freedom from noise, homogeneity 
and absolute accuracy of the calculated attenu- 
ation values are of particular importance. Some 
of these parameters change in direct ratio with 
each other, while others change in inverse ratio. 
Present day scanning methods do not yet yield 
the required high spatial resolution with simulta- 
neously increased contrast determination. A 
higher basic image quality thus brings as corol- 
lary, differentiation into different scanning tech- 
niques for different applications. Partial scans or 
target scans offer a satisfactory solution to the 
problems of obtaining the highest possible reso- 
lution, which is generally only necessary for a 
limited part of the total body cross section. In 
partial scanning all detectors are directed to- 
wards a limited region of interest within the body 
and only this region is scanned. This procedure 
reduces X-ray exposure, and all detectors can be 
used to provide a high resolution image of the 
scanned region. Slide reconstruction however 
poses some problems since the beam passes 
through structures in the body lying outside the 
region of interest resulting in severe artifacts, if 
the data obtained are used without appropriate 
correction. The result of a partial scan is strik- 
ing so far as the reconstructed region of interest 
is completely free of artifacts, whereas the sur- 
rounding field suffers from severe distortions. 
Partial scanning of this type will undoubtedly 
enable the spatial resolution in future scanner 
generations to be increased. Another future op- 
tion could be the dual energy scan which enables 
absolute Houns-field values to be determined for 
the absorption in the tissue and offers the possi- 


bility of distinguishing between types of tissue 
e.g. between benign and malignant tumours. 


CT offers not only the possibility of series expo- 
sures, but also the possibility of simultaneous 
evaluation of localised variation in absorption as 
a function of time resulting from the passage of a 
contrast medium. Thus CT offers a new quanti- 
tative functions parameter. If suitable contrast 
media can be devised to cover not only the blood 
flow but also metabolic and a storage processes, 
CT may lead to another revolution in diagnostic 
radiology. 


The fast universal scanners now available are al- 
ready being used for certain rouline heart exami- 
nation. An exposure time in the region of 150m 
secs is required to render the heart virtually sta- 
tionary. Hence in view of technical specialisation 
required, the question remains whether, such 
short exposure times should be realised in a uni- 
versal scanner which might even be used for rou- 
tine brain scans, or whether it will be dedicated 
for a specialised system. 
image quality, and a further reduction in the 
scan time will not only have consequences for the 
desired special examinations, particular advan- 
tages in haemorhaging and seriously ill patient 
can also be expected. 


However in future the components of CT system 
will undergo specific development e.g. (a) in the 
X-ray tube particular attention will be paid to the 
thermic loadability and the particular shape of 
the focus(b) the detector arrangement in future 
scanners will undergo even further refinement 
than that known today, and (c) integration of 
processing facilities particularly for specific ap- 
plications. Even though currently available CT 
systems have already reached a stage where they 
have become a permanent and indispensable 
part of the diagnostics, CT will undergo contin- 
ued development and expansion’ over a number 
of years to come. 

G. Magnetic Resonance Imaging (MRI) 

The imaged obtained with MRI bears a superficial 
resemblance to crude CT images and the recon- 
struction methods used are virtually identical. 
However, the measurements from which they are 
derived do not depend on absorption or reflection 
of radiation applied from outside the body or the 
emission of radiation from radiopharmaceutical 
introduced in the body. 


MRI is dependant on the fact that the hydrogen 
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nuclei, plentiful in water and biological tissue lip- 
ids, behave as tiny magnets. Under ordinary cir- 
cumstances these nuclei are randomly oriented; 
in the presence of a magnetic filed, they realign 
themselves along the force of the applied field 
generating a net magnetisation. If a pulse of ra- 
dio frequency radiation is applied to the now 
aligned hydrogen nuclei, they began to precess or 
spin about the axis of the externally applied mag- 
netic filed. The frequency of the precession is 
proportional to the strength of the applied mag- 
netic field. As the precessing nuclei relax back to 
their equilibrium state, they emit radiofrequency 
radiation which may be detected with a tuned 
antenna and analysed. The time it takes for the 
excited nuclei to return to equilibrium may be 
described by two time constants or relaxation 
times: the spin-lattice time T1 the time required 
for the longitudinal component of the magnetisa- 
tion vector to return to its equilibrium position, 
and T2, the spin-spin relaxation, the time re- 
quired for the dephasing of precessional spins fo 
the excited nuclei; T2 also influences the decay 
of the nuclear signal emitted. Tl and T2 may dif- 
fer in different tissues, they may also differ in the 
same tissue depending upon metabolic condi- 
tions and disease states. 


An MRI scanner consists of the following compo- 
nents: computer, radioequipments ( a transmit- 
ter, amplifier, transmitter-receiver coil, preampli- 
fier, receiver, and a method for converting the 
analogue radio-signal into a digital form that can 
be processed by the computer to form a final im- 
age) data shortage, image display system, mag- 

netic gradient, and of course, the magnet. | 


One of the controversial issues facing the wide 
spread clinical adoption of MRI, in spite of its 
resolution comparable to CT, reduced imaging 
time, rapid reconstruction, spectroscopic meas- 
urements and non-proton imaging, is the ques- 
tion as to what constitutes the optimal field 
strength of the magnet. The basic ‘difference be- 
tween high and low field strength systems is that 
generally only high field strength systems will be 
useful in nonproton imaging application (where 
atoms other than hydrogen atoms viz. phospho- 
rus and sodium are resonated to produce the 
image) and spectroscopy ( a non-invasive tech- 
nique for measuring biochemical changes in tis- 
sue that signal the onset of disease long before 
other symptoms appear). As far as proton imag- 
ing is concerned, the better low field systems al- 
ways seem to be able to match and, in some 
cases and for certain applications, exceed the 
performance capabilities of the higher field 


strength systems, producing very high quality 
proton images within reasonable time frames. 


Benefils of MRI Application 


During the last five years or so, the following 
benefits have been derived in medical imaging 
with MRI applications, besides the fact that the 
patient is not exposed to ionising radiation:— 


a) Visualisation of lesions with specific signals 
- MR signals coming from the region of interest 
are related to Tl or T2 time constant and proton 
density. T1 values of tumours tend to be of 
such quality that the signal level is low and they 
appear on the radiographic film: this is referred 
to as low intermediate signal levels. The T2 val- 
ues of malignant tumours are prolonged and 
hence they give up signal for a longer period of 
time than adjacent normal tissues. Under this 
set of circumstances, they will appear quite 
bright compared to their surrounding tissue on 
T2 weighted pulsing sequences. Unfortunately 
considerable overlap takes place between normal 
and malignancy wherever inflammatory disease 
is superimposed. Nuclei with an odd number of 
protons must be present to receive a signal from 
any tissue. Calcified lesions are very poor in MR 
signals and hence they appear quite dark 
whereas tumours with a lot of protein, blood 
break-down -products or other fatty lesions are 
generally quite bright on MR signals. Therefore 
_when one couples the MR signal characteristics 
with the anatomic site and morphology of a le- 
sion, relatively specific diagnosis become pos- 
sible. In a clinical setting of a young individual 
who is high risk for AIDS, MRI may indicate the 
presencé of the disease because signal specific 
lesions are encountered as long as six months 
prior to the blood test becoming positive for HIV 
virus. 


b) Information concerning morphology - The 
lumen of the blood vessels are visualised as ab- 
sence signal when blood flow is rapid: slower 
flows that are near the entry slice can be seen as 
a bright signal because the protons coming to the 
plane of section have not been magnetised previ- 
ously and are able to give a high signal. Identifi- 
cation of blood vessels and the rate of blood flow 
is particularly helpful about skull base lesions 
and masses around the head and neck. Tu- 
mours that share the common anatomic sites 
can frequently be differentiated on the basis of 
their vascularity and MRI many a time eliminates 
the need for diagnostic angiography. With MRI, 
the differentiation of cystic and solid lesions is 


very much like that of CT; cystic lesions present 
as a homogenous signal on both Tl andT2 
weighted pulsing sequences. Their degree of 
brightness will depend on the amount of protein 
or blood within the fluid. Mandibular lesions, 
sinus carcinomas, and other tumours involving 
the paranasal sinuses all can be better charac- 
terised with MRI than almost any other imaging 
modality. 


Cc) Visualisation of new anatomic sites - MRI 
has solved one of the dilemmas of CT, and that 
is, imaging about the skull base. With a CT 
beam hardening artifacts, frequently, fine detail 
is impossible to discern. Although MRI does not 
visualise calcium as a positive signal, the cortex 
of bone can still be seen as an absence of signal; 
even blood flow and marrow spaces within the 
bone are visualised by variations of high signal 
for fatty marrow and intermediate signal for red 
marrow. Soft tissue adjacent to dense bone such 
as the cavernous sinus, the internal auditory ca- 


nal, the medullary space of the mandible and 
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other tubular bones can be carefully scrutinised 
with MRI. The better soft tissue contrast is also 
of considerable help in examination of the pelvis, 
spinal canal, mediastinal structures, and re- 
gions of thoracic inlet where artifacts from the 
shoulders frequently obscure CT imaging. In 
examination of the abdominal organs, the field of 
MRI almost coincides with that of CT. Although 
information content of the images is radically dif- 
ferent, abnormalities in the structure of the liver 
can be clearly shown and it is possible to detect 
diffuse structural changes such as disturbances 
in copper metabolism (Wilson’s disease), cirrho- 
sis, steatosis etc. It has already been established 
that MRI can provide good images of the kidneys, 
urinary bladder, prostate and uterus. The rapid 
inherent movements of the heart during contrac- 
tion lead to a loss of signal for heart structures 
during the relatively long imaging time. However 
ECG triggering has enabled the excitation pulse 
to be synchronised with the heart beat, yielding 
images of outstanding quality. In this procedure 
the MR pulse follows immediately after the R 
wave of the ECG or'is delayed for specified time. 
The cardiac chambers, heart walls, papillary 
muscles and heart valves can be seen with a con- 
{rast and a spatial resolution unobtainable by 
any other method. The thickness of the heart 
wall can be assessed and ventricular thrombi or 
heart wall tumours can be imaged precisely. 
MRI allows a choice of sectional planes in the 
coronary and sagittal directions in addition to 
the usual axial image obtained with CT and this 
offers decisive advantages in the imaging of the 


heart and neighboring large vessels. In addition 
to the acquisition of morphological information, 
these examinations are also of value in allowing 
assessment of functional. parameters such as (a) 
absolute volume (end diastolic, end-systolic, and 
stroke volume), (b) ejection fraction, (c) cardiac 
out-put, (d) regional ejection fraction or contrac- 
tion, (e) analysis of movements per sector. If in- 
formation on energy metabolism becomes avail- 
able in future by the imaging of a31 p spectrum 
of energy high phosphate, the MR could acquire 
decisive significance in the early detection of 
myocardial areas at risk of ischaemia, 


d) Interventional procedures - MRI can be 
used for biopsy needle placement (using a non 
ferromagnetic needle), monitoring blood flow, and 
probably in the future, real time imaging with 
fast echo techniques. 


e) Integrated research for physiologic data - 
Because the raw data of MRI is already digitised, 
it is a very easy and simple matter to store and 


manipulate this data in parallel with other imag-. 


ing techniques such as PET scanning and CT. 
MRI can also be coupled with the digital images 
of angiography. 


On the whole MRI is very expensive and it has 
been difficult to achieve high volume patient de- 
mand because of high cost. The methods of re- 
ducing the costs will include 

(a) simplification of installation 

(b) lower operating and maintenance costs, 
and 

(c) lower equipment costs. The major sources 
of improvement in the cost in the past few years 
have centered around the issue of improving pa- 
tient through-put and reducing the scan times. 
The factors include:— 

(a) Rapid tuning and centre selection - In the 
early days manual scanner tuning by the tech- 
nologists for changing the radio frequency (RF) 
unit until the maximum response signal was ob- 
tained after a laborious task of correcting, over- 
correcting and so forth, for about 5-20 minutes. 
This is now computer-controlled and automatic 
so that tuning and centering takes between 40- 
70 seconds even using surface coil. 

(b) Choosing short pulsing sequences-Most of 
the MR imaging using spin echo-techniques en- 
tails a 90° pulse followed by a 180° refocusing 
pulse of radio frequency. Following the second 
pulse there is delay while waiting for the protons 
to refocus. This prolongs the time before the 
next excitation (TR) and hence, the overall scan 
time Gradient echoes now provide a valuable al- 
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ternative to T2 pulsing sequences because they 
can be performed in a very short time. In Gradi- 
ent echoes the initial 90° pulse is reduced to a 
10-30° pulse and is followed by refocusing from 
the gradient which is much faster and much 
more efficient, Scantimes in the neighbourhood 
of 11-20 seconds are easily obtained for single 
slice techniques. However, intracranial studies 
have not given as consistent results as gradient 
echo studies in other parts of the body. 

(c) Well developed routines employing ‘Q’ se- 
ries - As the radiologist become more familiar 
with the optimum pulsing sequences for specific 
regions or anatomy and firm routines are estab- 
lished, it becomes a relatively simple matter to 
have a group of pulsing sequences, computer- 
controlled, so that the examination proceeds in 
an orderly fashion (if the patient has not moved 
and no metal artifacts are present,) from pulsing 
sequence 1:2 and 2:3 etc. without operator inter- 
vention. This diminishes the delay in between 
pulsing sequences and greatly expedites the time 
of examination. 

(d) Bunching of patients with the same diagno- 
sis - patients can be scheduled in groups accord- 
ing to diagnosis and examination required to de- 
rive two-fold benefits (i) the examining couch and 
ancillary equipment i.e. surface coils and various 
paddings are usually left in place, (ii) the pulsing 
sequences that are loaded into the computer do 
not need to be changed, except the patient’s 
identification. Usually five or more minutes can 
be saved under these circumstances. 

(ce) Department orientation and education - 
One cannot repeat too strongly the need for a to- . 
tal team approach to MRI with a co-operative 
spirit between receptionists, technologists, radi- 
ologists, secretarial support and every one hav- 
ing to do with providing patient services. By the 
time the patient on arrival at the scan centre has 
been thoroughly indoctrinated to the procedure 
by the receptionist, all considerations for the ap- 
proaching scan have been reviewed and the radi- 
ologist has pulsing sequences preplanned, so 
that examination can proceed in an efficient 
fashion without any delaying pitfalls. Needless to 
say, the radiologist must know what he is looking 
for and what clinical question needs to be an- 
swered. 

(f) Hard copy production and archiving - with 
double echoes, rapid scanning with gradient 
echoes, and a mullitude of projections being per- 
formed in MRI, large number of images are being 
obtained. All of these images must be _ photo- 
graphed, reviewed and archived in some fashion. 
Handling of all this data is going to require a 
vast rethinking of radiologic approaches to im- 


age review. By using the Voice Rad System, 
which directly changes the spoken voice via a 
computer into a typewritten report on the left 
Side of the corresponding dry silver photographs 
taken, within a minute or two, total dictating of 
the X-ray report can be completed. After the re- 
port is compiled and typed it is mailed to the 
respective physician. Unless specifically re- 
quested, the entire MRI examination is not pho- 
tographed on film but is retained in an electronic 
state on the laser disc. The X-ray report is 
merely transferred from Voice Rad Computer to 
the laser disc so that there is no filling of an X- 
ray report. Both the images and MRI report can 
be recalled for viewing or filming at any time. To 
fully understand the MRI technology and use it 
effectively radiologists will need about a year 
and a half of training, although some diagnostic 
skills can be learnt in about three months. 
While MRI images look much like the images 
produced by the CT scanning, the technology 
that underlies those images is vastly different- 
the signals producing the image deliver an en- 
tirely different grey scale and the imaging factors 
that control this grey scale are greatly expanded. 
The radiologist unfamiliar with MR will see struc- 
tures that look similar but not understand why 
something shows up or fails to show up and will 
have to learn how to select a pulse Sequence ap- 
propriate for detecting the suspected disease. 
Training costs for MRI therefore looms as a ma- 
jor issue. ) 


IW Picture Archiving And Communi- 
cation system (PACS) 


An integrated imaging network combines and 
distributes the output from digital imaging sys- 
tems such as CT, MRI, DSA and digital radiogra- 
phy for access by the radiologists from one or 
more centralised viewing stations. Such an im- 
aging network is generally known under the 
name as PACS. For successful implementation 
of PACS, three conditions must be met (a) techni- 
cal feasibility, (bj Compatibility with imaging 
equipment, and (c) integration in existing proce- 
dures, 

(a) Technical feasibility: The main compo- 
nents of PACS are the archiving media, the net- 
work itself and the viewing stations. As an ar- 
chiving medium Digital Optical Recording (DOR) 
has shown it to be reliable for recording video 
and audio information (Video disk and compact 
disk) and has proved to be a suitable medium 
for the storage of medical images. A DOR disk 
has an enormous capacity e.g. 1OOOO CT images, 
and is relatively cheap. Viewing stations are 
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dedicated subsystems with the capability of dis- 
playing images with the high resolution required, 
and performing image-processing functions. 
The hardware components for these viewing sta- 
tions are available from related application such 
as Computer Aided Design(CAD), whereas the 
software effort involved in implementing the re- 
quired viewing functions is specific to the PACS 
application. 

(b) Compatibility with imaging equipment 
standards are required for interfacing medical 
imaging with PACS,. Some manufacturers are 
committed to the principle that all their imaging 
equipment will eventually be able to connect with — 
a PACS network via a standard interface. In or- 
der to permit implementation of a multivector 
PACS, such a commitment is needed from medi- 
cal imaging industry as a whole. 

(c) Integration in existing working proce- 
dures. PACS should be a logical evolution of ex- 
isting procedures to enable the users to do their 
work in a most cost-effective, more efficient, and 
better way. Feedback from the users is crucial in 
the introduction of PACS, so that any changes 
required to achieve efficient functioning of the 
system can be made. 


IV Making X-ray Devices Intelligent 


In the field of X-ray apparatus, the automatic 
phototimer which controls the exposure process 
is probably the most simple example of machine 
intelligence. The memory short is a more sophis- 
ticated device which automatically sets the X-ray 
exposure condition (KV,mA) in accordance with 
the characteristics of the X-ray tube and the con- 
ditions of use in the hospital. The use of micro- 
processors to increase the automation of me- 
chanical devices and diagnostic table has made 
the apparatus more intelligent. Control of the X- 
ray collimation mechanism with respect to film 
size and shooting distance, automatic film feed- 
ing, the control of subdivisional radiography po- 
sitioning. and fine adjustment of the exposure 
factors are other examples of advancement in 
this direction. In the future, X-ray apparatus 
will probably be such that every transfer of sig- 
nals between units will be carried out either or 
by light cables and only the power source will be 
connected to each unit. 


V Conclusion 


Recent developments in medical imaging are over 
whelming. It is needless to emphasise that while 
endeavouring further refinements and techno- 


logical advancements, one must strive to adapt 
the behaviour of the machines to the human op- 
erator in general, and to the medical human op- 
erator in the clinical routine work environment, 
instead of forcing the human operator to follow 
the technology driven interaction concepts of en- 
gineers. In other words, it is imperative in future 
to design appropriate display systems, realise 
consistent and simple interaction strategies, and 
design appropriate interactive elements.. 
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Interventional Radiology-State of the 


7. Present and Future Per- 
spectives of Application and 
Utilisation of Modern Tech- 
nology in Nuclear Medicine 


DrePiGeGopinath* 


I Introduction: 


Last three decades stood witness to a _tre- 
mendous expansion of technology in all areas of 
human endevour. This all- embracing influence 
of advances in technology has made practice of 
modern medicine simple and at the same time, 
more exacting. Today, diagnosis of complicated 
medical problems is made easier with the help of 
a large array of methods based on different 
physical and biochemical principles. Nuclear 
medicine is a relatively new speciality which has 
grown to its present status through an appropri- 
ate blending of advances in radiopharmaceutical, 
electronic and computer sciences. As of today, 
the major role of nuclear medicine is in investi- 
gating and studying various disorders, while it 
also plays a minor role in treating selected dis- 
eases. 


II Scope of Nuclear Medicine in Tissue 
Imaging 


Organ or tissue imaging is currently one of 
the most important diagnostic methods in medi- 
cal practice. This can be achieved in various 
ways such as conventional X-ray radiographs, 
computerised X-ray tomographs, ultrasonogra- 
phs, radionuclide scintigraphs and nuclear mag- 
netic resonance image. Radionuclide scintigra- 
phy and its modified versions like Single Photon 
Emission Tomography (SPECT) and Positron 
Emission Tomography (PET) provide information 
mainly regarding the functional aspects of organs 
and tissues. Information regarding the gross 
morphology or structure of the organs is consid- 


ered a bonus to the main objective of functional 


evaluation. Thus radionuclide scintigraphy is 
essentially a functional imaging. The emphasis 
of other modes of imaging mentioned earlier is on 
gross structure of morphology. Hence radionu- 
clide scintigraphy is to be considered as a com- 
plimentary modality, not a competitive one, to 
other modes of imaging while assigning its role in 
the diagnostic processes. As has been men- 
tioned earlier, the most important aspect of nu- 
clear medicine in relation to medical sciences in 
general and the clinical practice in particular is 
its ability to give exquisite functional information 
about organs or tissues in the body. Since func- 
tional disturbances often preceed gross struc- 
tural alternations in the organs, nuclear medi- 
cine techniques are useful as early warning de- 
vices. Also while recovering from the disease 
process, many a time, function recovery takes 
place. before struchire recovety. “linus. Oueciweas 
medicine procedures serve to monitor response 
even during the early phase after the specific th- 
erapeutic intervention is carried out. All this is 
achieved in relatively much simpler and safer 
way, with no more radiation (in fact much less) 
risk that what is incurred while undergoing com- 
parable radiological procedures. 


Radiopharmaceuticals, nuclear instru- 
ments and nuclear medicine specialist form the 
three corner stones of the operational triangle of 
nuclear medicine. The centre of the triangle is, 
of course, the patient. The nuclear medicine spe- 
cialist has to choose the most appropriate radio- 
pharmaceutical, nuclear instrument and the par- 
ticular technique to provide the best and cost ef- 
fective solution to the problem posed by the pa- 
tient. Therefore, it is important that the nuclear 
medicine specialist must have adequate knowl- 
edge of radiation physics and chemistry, ade- 
quate training in operational aspects of nuclear 
instruments, in addition to a thorough under- 
standing about the pathology and pathophysiol- 
ogy of disease processes. 


I Radiopharmaceuticals 


Since the time of George Hevesey who was 
awarded Nobel prize for his pioneering work in 
the application of tracer principle to study hu- 
man physiology, a lot of advance has been made 
in the field of radiopharmaceuticals. Refine- 
ments in radiopharmaceuticals-radioactive 
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chemical agents-have reached such a stage that 


it is possible to precisely target these agents to 
various areas of brain in order to get a map of 
different functional groups of neurons associated 


with seeing, hearing, reading, recalling etc. 


The most common radioactive agent in 
today’s clinical practice is Technetium-99m (Tc- 
99m)- an artificially produced element. In nu- 
clear medicine laboratories Tc-99m is obtained 
as a decay product of Molybdenum-99 (Mo-99) 
which is produced in atomic reactors. In India, 
Bhabha Atomic Research Centre, Trombay, Bom- 
bay, produces enough Mo-99 for nuclear medical 
applications in the country. Mo-99 and Tc-99m 
which exist together are separated by suitable 
chemical or physical processes in the laboratory. 
Tce-99m is used as a radionuclide to label other 
chemical agents for diagnostic procedures. Tc- 
99m is considered as an ideal radionuclide for 
scintigraphic studies because it possesses 
matching physical properties with the most com- 
monly used imaging instrument called Gamma 


Camera. The various radiopharmaceuticals used 


currently for scintigraphic studies of organs and 
tissues are listed in Table 1. 


Positron labelled radiopharmaceuticals of- 
fer great promise for the future. Positron emis- 
sion lends far greater accuracy in detecting their 
location within the body and in quantitating their 
concentration in the tissues. Positron emitters 
such as carbon-11, nitrogen-13, and oxygen-15, 
being elements in important biomolecules such 
as sugars, proteins and lipids, can be easily 
tagged to glucose, aminoacids and fatty acids. 
These radiolobelled metabolic substrates have 
been found very useful radiopharmaceuticals in 
the metabolic mapping of brain and heart and 
have been found capable of providing such valu- 
able informations hitherto not possible by any 
other existing method. In brain, it has become 
possible to localise areas of brain subserving 
various motor and sensory functions. By tagging 
positron emitters to various neurotransmitters 
like dopamine and serotonin, it will be possible 
to study various brain disorders characterised by 
abnormalities in neurotransmitter release and 
action. Such methods are expected to provide 
windows (in the brain) through which one can 
get glimpses of the mind in health and disease. 


IV Nuclear Instruments 
There are a wide variety of nuclear instru- 


ments in today’s nuclear medical practice. They 
include radioactive counters, both for counting 


radioactivity within (in-vivo) and outside (in-vitro) 
the body. In-vivo counters include thyroid up- 
take probes, renogram machines, nuclear stetho- 
scope used for cardiac function measurement 
and mulliprobe cerebrographs for measuring re- 
gional cerebral blood flow. In-vitro counters are 
used for counting radioactivity in samples like 
blood, urine, feces, and such other biological ma- 
terial; they are of two types, gamma counters and 
beta counters depending upon whether they are 
used to count gamma radiation or beta radiation. 
Such counters are mainly used in one of the 
most important measurements in medicine and 
biology i.e. radioimmunoassay- a technique by 
which substances of the order of few picogram- 
med and nanogrames are measured with extreme 
accuracy. Radioimmunoassay has revolutionised 
the practice of medicine in areas like endocrinol- 
ogy, use and abuse of drugs, and in the areas 
where measurement of bioactive amines and pol- 
ypeptides are important for the study of diseases. 


Instruments which are capable of providing 


the map of distribution of radioactivily within 
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the organs or tissues are called Imaging instru- 
ments. Radioisotope rectilinear scanners and 
gamma cameras, are the two important imaging 
instruments although the former is becoming ab- 
solele as an imaging instrument. Among the 
gamma cameras, the Anger type of gamma cam- 
era is the most popular one which is considered 
the work horse of imaging in current nuclear 
medical practice. It is capable of providing atatic 
and dynamic images of almost any organ or tis- 
sue in the body using appropriate radiophar- 
maceulicals. Conventional gamma camera im- 
ages are essentially two dimensional images of 
radioactivity -distributed in three dimensions in 
the body. Like any other planar images, these 
images suffer from disadvantages of superposi- 
tioning and interference from radioactivity aris- 
ing from different planes in the organ. Tomogra- 
phic images are free from such drawbacks and 
are provided by Single Photon Emission Comput- 
erised Tomography (SPECT) and Positron Emis- 
sion Tomography (PET) Cameras. 


SPECT imaging is increasingly being ap- 
plied to cardiac and brain imaging wherein tomo- 
graphic slices of cardiac and brain images in dif- 
ferent planes are possible. With the development 
of Tc-99m labelled radiopharmaceuticals SPECT 
imaging of heart and brain should become cost 
effective in the near future. 


PET imaging is still in the realm of research 
applications. It is already being evaluated in 


cardiological disorders such as coronary artery 
disease and other cardiomyopathies, and in 
neurologi¢éal disorders such as Alzhiemer’s dis- 
ease and other forms of senile dementia and sei- 
zure disorders. It is also finding potentially use- 
ful applications in neuropsychiatric disorders 
like schizophrenia and manic depressive psycho- 
sis. PET imaging is expected to play a greater 
role in the understanding of various metabolic 
functions and psychopharmacological responses 
of the brain which can not be obtained using any 
other method. It may be the nuclear medical 
study of the future, if the findings continue to be 
as promising as they are today. 


The story of today’s nuclear instrumenta- 
lion is most. incomplete without mentioning the 
role of computers along with appropriate applica- 
tion programmes available in soft ware. With the 
use of computers, it has become possible to proc- 
ess and manipulate the basic data to display 
them in an easy-to-comprehend manner, and in- 
terpret to provide meaningful information. 


VV Clinical Applications 


It is not possible to outline all the current 
clinical applications of nuclear medicine tech- 
niques in a short article. The following are some 
of the most commonly applied methods in clini- 
cal practice. 


i? Nuclear Cardiology 


Radionuclide studies of cardiac function 
today is an integral part of non-invasive diagnos- 
tic techniques in cardiology, the others being, 
electrocardiography and echocardiography. 
When the heart is considered essentially as a 
pump,. the. myocardium forms the walls of the 
pump and blood in the ventricles forms the con- 
tents. Heart function can thus be studied either 
by myocardial imaging or by blood pool imaging. 


Radionuclide Cardiac Studies 


Myocardial Blood Pool 
Scintigraphy Scintigraphy 
1. T1-201 Perfusion 1. First pass ventri- 
Scintigraphy culography 
2. Infarct avid scinti- 2. Equilibrium gated 
graphy scinligraphy 
a. Tc-99m Pyrophos- 
phate scintigraphy 
b. In-III labelled Anti- 


myosin antibody 
scintigraphy 
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3. Metabolic scintigraphy 

C-11 palmitate imaging 

F-18 Deoxyglucose imaging 

N-13-Ammonia blood flow imaging 
Among all types of heart diseases such as coro- 
nary heart disease, valvular heart diseases, con- 
genital heart disease, and different forms of 
cardiomyopathies, it is the study of various as- 
pects of coronary artery disease that has been 
found most rewarding. Using some of the meth- 
ods outlined above, the presence and the extent 
of coronary artery disease can be accurately 
evaluated. The effects of various interventions 
like drugs, angioplasty and coronary bypass sur- 
gery can be objectively assessed. For the detec- 
tion and evaluation of coronary artery disease, 
radionuclide testing combined with exercise is 
found to be a better method than the other two 
non-invasive methods. The role of radionuclide 
methods in the study of valvular heart diseases 
and congenital heart diseases is limited and is 
mainly to supplement information obtained with 
echocardiography. 


Metabolic imaging of myocardium using 
positron-labelled metabolic substrates like C-11 
Palmitate and F-18- deoxyglucose appears to 
hold great promise in future. Even before struc- 
tural and functional disturbances set in, the dis- 
ease process can be identified through the detec- 
tion of metabolic disturbances, biochemical aber- 
rations which are the first to occur in disease. 
Therapeutic manoeuvres, designed to arrest the 
disease at its onset will thus be possible, fulfill- 
ing a dream in curative medical practice. 


2: Radionuclide methods in Nephrology and 
Urology 


Comprehensive assessment of kidney func- 
tions such as blood flow, urine formation and its 
drainage in the upper as well as lower urinary 
tracts is possible today using appropriate radio- 
pharmaceuticals and suitable techniques. Radi- 
onuclide methods offer the opportunity to study 
individual kidney functions. This is important in 
nephrological practice because many diseases af- 
fect the kidneys asymmetrically and unilaterally. 
Because of the extreme safety, simplicity and ac- 
curacy of results in these methods, they are 
found highly suitable in children and infants. 
For the same reasons, they are preferred when 
repeated studies are necessary, as in renal trans- 
plant patients. 


While ultrasonography and computerised 
X-ray tomography can provide excellent morpho- 


logical information of the kidneys and urinary 
tract, radionuclide investigations can give exqui- 
site functional information. In clinical practice 
these investigations have to used in a compli- 
mentary fashion so as to make them cost-effec- 
live. 
S. Radionuclide method in oncology 

The thrust area of radionuclide applica- 
tions in oncology is in targetting radiophar- 
maceuticals to the tumor tissue through immu- 
nological methods. Availability of tissue specific 
radiolabelled monoclonal antibodies render tu- 
mor deteclion quite in the realm of practical 
medicine. Certain types of renal, hepatic and 
ovarian tumors have already been studied by 
immunoscintligraphy. Labelling of monoclonal 
antibodies with radionuclides having optimum 
imaging yield without compromising the immu- 
nological specificity of the antibodies needs me- 
ticulous attention to details and exacting proce- 
dures. Research and development in this direc- 
tion hold greater promise for the future in cancer 
detection and treatment. 

4, Radionuclide methods in gastro-enterology 
Functional disturbances of esophageal, and 
gastric molilily can be investigated with a high 
degree of sensilivity and accuracy. Measurement 
of esophageal transit time and gastric emptying 
time is found to be better than those using con- 
ventional radiological or biochemical means. 
Presence of gastroesophageal reflux, or duode- 
nogastric reflux can be detected and quantitated 
with considerable simplicity and safety using ra- 
dionuclide techniques. Localisation of sites of 
gastrointestinal bleeding using radionuclides, 
prior to selective angiography and surgery, is a 
rouline procedure in many centres. 


a Therapeutic applications of radionuclides- 
nuclear medicine in therapy 


As was mentioned in the beginning, appli- 
cation of open sources of radionuclides for treat- 
ment is limited to a few selected disorders. The 
limitation is in the tissue specificity of radiophar- 
maceulicals available today. 


Iodine-131 has excellent tissue- ablative 
characteristics due to ils emissions, and half life. 
Given as Iodide, I-131 concentrates in function- 
ing thyroid tissue and this property is used to 
treat hyperactive thyroid glands and certain 
types of thyroid cancer. This mode of therapy is 
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a well recognised treatment all over the world. 
When I-131 is labelled to meta-iodo-benzyl gua- 
nidine (MIBG), it is selectively concentrated by 
hyperfunctioning adrenal medulla in pheochro- 
mocytoma. Pheochromocytomas and neuroblas- 
tomas which are not amenable to surgery are ef- 
fectively treated by I-131 MIBG. 


Phosphorus-32, a pure beta emitting ra- 
dioisotope of phosphorus is used for treatment of 
polycythemia rubra vera and certain metastatic 
malignant lesions affecting the bones such a 
prostatic cancer and breast carcinoma. It has 
been shown to alleviate disabling bone pains and 
improve the quality of life of the patient. 


The highlight of nuclear medicine methods 
is in its extreme simplicity and safety giving it 
universal application. It is capable of providing 
valuable functional information about organs 
and tissue in a noninvasive way. It would appear 
that nuclear instrumentation has reached its 
pinnacle of perfection; the future of nuclear 
medicine lies in the development of radiophar- 
maceuticals which could be targetted to any tis- 
sue or organs in the body with high degree of se- 
lectivity. Labelled metabolic substrates and 
monoclonal antibodies are among the torch bear- 
ers in this direction. 


VI Analytical Aspects of Nuclear Meth- 
ods in Medicine 


There are a few radio-nuclear techniques 
which have very limited, but specific roles in 
medical research, the main role being analytical 
in nature. These include whole body counting of 
radioactivity, neutron activation analysis and 
radiometric assays. These methods do not gen- 
erally require administration of radionuclides to 
patients or human subjects. Radioimmunoas- 
say, although having an analytical role, is quite 
different from the others in that it has a very 
wide and extensive application in medicine. 


1. Radioimmunoassay (RIA) 


Radioimmunoassay is used to measure 
very low concentrations of analytes. This method 
is based on the principle of saturation analysis, 
The antigen (the analyte to be measured) is in 
excess of the antibody (the reagent). The antigen 
will be present in two forms, the unlabelled one 
(with known concentration used for preparing 
standards or in the sample to be measured) and 
the radiolabelled one which is used as the tracer. 
When the antibody and the radiolabelled tracer 


are added to the sample containing the antigen 
and equillibrated, the amount of antibody bound 
or free tracer will be a function of concentration 
of the antigen. From this known relationship, it 
is possible construct a standard curve from 
which the concentration of antigen in the un- 
known (test) samples can be determined. Radi- 
oimmunoassays which have been of considerable 
diagnostic importance include those of Australia 
antigen, the thyroid hormones - triiodothyronine 
(T,), tetraiodothyronine (T,) and thyroid stimulat- 
ime” hormone (0SH), human chorionic 
gonadotrophin(HCG), follicle stimulating 
hormone(FSH), prolactin, digoxin, cortisol, tes- 
tosterone and gastrin. Insulin, growth hormone, 
angiotensin, adrenocorticotrophic hormone 
(ACTH) and others are useful in understanding 
the pathophysiology of disease. 


With the development of more sensitive as- 
says like enzyme linked immunosorbant assay 
(ELISA), the role of RIA has been gradually on the 
wane. 
2, Radiometric analysis in Radiomicrobiology 
Radiometric detection of bacterial metabo- 
lism is based on the principle that bacterial ac- 
tion on C,, labelled substrates produces measur- 
able amount of C,, carbon dioxide. Detection of 
bacteremia was the first clinical application of 
radiometric assay system. There is overwhelm- 
ing evidence indicating that radiometric method 
is more sensitive than routine methods for de- 
tecting bacteremia in general. Being faster than 
the routine methods the radiometric method per- 
mits earlier adjustment of antibiotic therapy and 
therefore plays an important role in the manage- 
ment of patients with serious infections. Today 
the radiometric method is the procedure of 
choice for detecting bacteremia in more than 900 
hospitals in USA. Detection of urinary tract in- 
fections, and 
are other applications of radiometric assay. 
a. Neutron activation analysis 
Development of in-vivo neutron activation 
analysis gave rise to an important approach to 
the analysis of elemental composition of human 
being. By means of total body neutron activation 
analysis, calcium, phosphorus, sodium, chlorine, 
nitrogen and cadmium have been accurately 
measured. 


testing of sterility of compounds 
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Total body neutron activation analysis 
(TBNAA) systems designed for in-vivo studies 
generate a moderated beam of fast neutrons to 
the total body of the subject. Neutron capture by 
atoms of the target elements creates unstable ra- 
dionuclides that revert to a stable state by the 
emission of one of more gamma rays of charac- 
teristic energy. These energy levels identify the 
element and the amount of radioactivity pro- 
duced is proportional to its abundance. Radia- 
tion from the subject is measured in a highly 
shielded facility and standard gammaspectro- 
scopic analysis is applied. . 


Invitro Neutron activation analysis of body 
tissues like biopsy specimens, hair, nails, etc, for 
determining the quantity of trace elements have 
been applied in medical research and in medi- 
colegal studies. 


4, Whole body counting 


This is an in vivo measurement technique 
carried out by whole body counters which are 
designed to measure the total amount of radioac- 
tivity in the body. However, there is no attempt 
at localisation of the activity distribution, They 
are used for studying the retention, turnover and 
clearance rates with such radionuclides as Co- | 
60, and Co-57 labelled to Vit. B-12, Na-24, K-42, 
Ca-47 and Fce-59. The whole body counters are 
designed in such a way that very small quantities 
(often less than 1 microcurie) can be detected 
and measured accurately. Another important 
application of whole body counting is the meas- 
urement of naturally occuring Potassium-40 
which can be used to estimate total body potas- 
sium content. 


Metabolic balance studies in health and 
disease can be conveniently carried out by whole 
body counting measurements. These include 
protein, carbohydrate, fatty acid and mineral me- 
tabolism. 


Different radionuclides can enter the nor- 
mal human subject in radioactive fall out as a 
result of nuclear accidents or incidents. Detec- 
tion and measurement of such radionuclides can 
be efficiently and accurately carried out. High 
counting sensitivity is essential in such measure- 
ments. 


Table 1: Some of the Commonly Used Radiopharmaceuticals and Their Current Uses 


Radionuclide 


Chemical Agent 
or 
Biological 
Material 


Radio pharmaceutical 


Uses 


Tc-99m 


Re-99m 


Tc-99m 


Tc-99m 


Tc-99m 


Tc-99m 


Tc-99m 


Iodine-131 


Thallium-201 


Xenon-133 


Pertechnetate 


Phytate, Sulphur 
colloid 


Diethylene Triamine 
Penta acetic acid 
(DTPA) Glucoheptonate 
(GH) Dimercapto  ~ 
Succinic acid (DMSA) 


Human serum Albumin 
(HSA) Red blood cells 


Phosphates 


Microspheres 


Aerosols 
Sodium Iodide (Nal) 
Thallium Chloride 


Xenon gas or in 
solution 


Tce-99m Pertechnetate 


Tc-99m Phytate 
Tc-99m Sulphur 
colloid 

Tc-99m 


DTPA Tc-99m GH 
Tc-99m DMSA 


Tc-99m HSA 
Tce-99m RBC 


Tc-99m Phosphates 


Tc-99m Microspheres 


Tc-99m 
I-131 Nal 


T1-201 Thallium 
Chloride 


Xe-133 gas or in 
solution 


Brain scan, Gastro 
intestinal studies. 
First pass blood flow 
images of organs. 
Reticuloendothelial 
System scanning — 


Kidney scanning 


Heart studies 
(Ventriculography) 


Bone scanning 


lung scanning blood 
flow studies 


Lung Scanning 
Thyroid studies 
Heart studies 


Regional cerebral 
studies, lung studies 


Three-Dimensional CT 


A major drawback of conventional CT is that, clinicians have to figure out how to synthesise a series of 
flat two dimensional images. Three dimensional computed tomography (3D - CT) incorporates new 
software and advanced computer graphic capabilities to bring new insight into body structure and 
function, and also improve diagnosis and patient management. The three-dimensional CT images are 
provided within minutes of a CT scan. The operator can move the images in many ways. rotating the 
anatomy, shifting angles, or selectively removing structures. 


The 3-D scanner can be set up, by adding some software to the existing CT machine; it does not in- 
crease radiation exposure for the patient. Radiologists are already using 3D-CT to help guide surgeons 
with intricate craniofacial reconstructions, for assessing the hip and pelvis, to make more comfortable 
prosthetics, and several other applications. 


Ref: Hospimedica, 1987 Vol.V, No.3, pp 13 
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8. Radiology — The Expand- 
ing Field 


: William N. Hanafee, M.D. 
Nowhere in the medical profession today can one 
find such an explosive growth of new technolo- 
gies as exist in the field of radiology. The clarity 
of our present day images makes one feel some- 
what uncomfortable as we reflect on the tenuous 
data that we had to utilize in the past for life-de- 
termining decisions. 


With the improvements we have seen in com- 
puted tomography (CT), magnetic resonance im- 
aging (MRI), positron-emission tomography (PET) 
scanning, real-time and Doppler ultrasound, and 
interventional radiology, whole new “areas of ex- 
pertise” become apparent in cach modality. For 
example, interventional radiology has become a 
field in itself with specific application in neurora- 
diology, abdominal intervention, genitourology, 
and in a multitude of vascular procedures. The 
same can be said for applications of ultrasound, 
MRI, and so forth. 


I find it difficult to constrain myself to a reason- 
able number of pages for this issue because so 
many important things have to be left out. Hav- 
ing talked to the editors of Radiology, American 
Journal of Roentgenology, and various other 
journals, I find my frustrations are not a singular 
experience. Many of these new techniques have 
been slow in penetration because of financial 
considerations. This problem deserves our first 
attention. 


Cost reduction 


We all have to sacrifice quality for cost reduction 
but maybe there is another solution to high 
equipment costs. Increased patient throughput 
and prolongation of working hours can be ach- 
ieved without sacrificing our high standards. 


William N. Hanafee, M.D., UCLA Medical Centre, Los Angeles, CA, USA. 


Reprinted with permission from Hospimedica Vol VI No 7, 12/1988 Pg 19-27 


Two important studies have been performed that 
lustrate this point. 


Evans’ found that the average number of hours 
scanners worked in the United States in 1987 
was 12.7 hours per day and 5.4 days per work 
week. DiMonda,’ from the office of Technical as- 
sessment of the American Hospital Association, 
surveyed the operating costs of MRI units during 
1985-1986 and suggested an average cost of ap- 
proximately US$700,000 per year to operate mid- 
field-strength magnets. If one divides the num- 
ber of hours per year that are worked into the 
average costs per year, the figure comes out to be 
approximately US$216 per hour to operate a 
midfield-strength unit, which includes equip- 
ment depreciation, capital costs, consumable su- 
pplies, etc. 


If one can increase the number of patients exam- 
ined per hour to the range of two or even three 
patients, the cost of MRI examinations begins to 
approach that of routine film studies. Some 
simple things to improve patient throughput are 
through-scheduling to “bunch patients” who are 
to have the same region of the body examined 
with the same pulsing sequences. Another assist 
has been provided by some manufacturers that 
allow a series to two to three pulsing sequences 
to continue in sequence without interruption for 
returning. Major breakthroughs in throughput 
will occur when we are able to go to such things 
as gradient echoes, double echoes that provide 
true T, and true T,, and some three-dimensional 
data acquisition techniques. 


Our clinical colleagues will require a great deal of 
reeducation when we begin to photograph only 
the pertinent images of different pulsing se- 
quences. This must happen because data will be 
acquired in such volumes with faster scanning 
techniques so one cannot possibly photograph 
every frame of a scan. The radiologist will photo- 
graph the pertinent images while he is reading 
with some type of instant “camera,” The final 
images will be ready with the report. 


Expanding imaging modalities 


Before starting, I wish to reiterate that due care 
must still be given to the immense role that plain 
films perform in medical diagnosis. Neverthe- 
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less, these new technical developments must be 
recognized and fully utilized or other clinicians 
will step in to fill the gap. Many of the modalities 
will require us to learn vastly expanded chemis- 
try, physiology, and a new clinical expertise that 
are not normally a part of our armamentarium. 
A partial list of technical advances is as follows: 


1. Contrast agents both for general diagnostic 
work and MRI 

. High resolution real-time ultrasound and Dop- 
pler flow 

. Ultrasound with in-vivo probes 

. Interventional procedures 

. High resolution nuclear scanning and PET 
scanning 

. MRI applications with new pulsing sequences 

. Computer-based radiology operations 


Some of the uses of ultrasound and in particular 
‘the transvaginal probe are described nicely in an 
article in this issue of Hospimedica, by Dr. Per- 
rella. 
evaluation of arteriosclerotic lesions about the 
neck and to some extent in the lower extremities. 


Nonionic contrast agents have reduced the toxic- 
ity of arteriography, myelography, and intrave- 
nous urography, which permits more patients to 
be examined safely and painlessly. The lack of 
pain on injection enables the patient to lie per- 
fectly still so that subtraction techniques are 
readily performed. When interventional-type pro- 
cedures are being performed, multiple injections 
have to be made to verify the status of occlusion 
balloons, etc. With ionic contrast agents, mul- 
tiple injection into the same site can lead to cap- 
illary damage and complications. The nonionic 
contrast agents have largely eliminated this con- 
cern. At the present time, cost has been a con- 
sideration, preventing a more wide-spread use of 
nonionic contrast agents for the more routine 
type of diagnostic procedures. additional compa- 
nies are coming on-line with nonionic contrast 
agents so that soon we may see a price reduc- 
tion. Many of these topics are now beautifully 
covered by contributors to this edition. 


Gadolinium, which has been used for MRI of the 
brain quite extensively in Europe, has now been 
accepted in the United States. It was approved 
by the U. S. Food and Drug Administration (FDA) 
on July 1, 1988 and is already being used exten- 
sively. The principal advantage of gadolinium is 
being able to detect a break-down of the blood/ 
brain barrier, which allows it to become concen- 
trated in tumors. The gadolinium shortens the T, 


The Doppler flow greatly assists in the - 
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value so that signal is enhanced from lesions 
that have damaged capillaries. It has shown 
some promise in regions other than the brain so 
that its full potential will now be exploited by the 
multitude of investigators throughout the United 
States. Used judiciously it can be extremely 
helpful in diagnostic problem cases. Whether 
gadolinium will be able to differentiate between 
radiation changes and recurrent tumor remains 
to be seen. In one or two instances it has been 
very helpful to us. There may well be other con- 
trast agents for MRI on the horizon such as iron 
compounds or other ferromagnetic materials that 
will play a major role in liver-spleen diagnoses. 


Intervention has expanded far beyond that of the 
inilial success with arterial-dilatations. Modern 
neurosurgery and head and neck surgery would 
be lost without the availability of preoperative 
embolization and vascular control that is pos- 
sible by modern techniques. Some of these tech- 
niques are outlined in this issue by the article by 
Drs. Jabour, Vinuela, et al. 


Nuclear and PET Scanning 


Cyclotron technology is changing about as rap- 
idly as some of our ultrasonic equipment. The 
cyclotrons that formerly required an entire build- 
ing have been reduced to efficient operations that 
occupy a small room; even as these units are 
being installed the research has achieved desk- 
top cyclotrons that operate in an extremely effi- 
cient fashion. Undoubtedly the major uses of 
nuclear scanning will be directed to physiology 
studies and tagged chemistry of a magnitude 
that we did not dream possible. One can easily 
imagine how nuclear scanning will be used to 
study the efficacy of drugs by watching the site of 
interest for metabolic activity. If a region is to be 
stimulated then one would see increased me- 
tabolism or if one is to be suppressed, then activ- 
ily would diminish. Tagging of metabolites will 
be a rather simple matter once more agents be- 
come available. 


MRI applications 


Since 1984 we have had a virtual explosion of 
the application of MRI in head and neck lesions. 
Some of the most important benefits of MRI are 
listed as follows: 


1. Visualization of lesions with specific signal 
2. Information concerning morphology 
3. Visualization of new anatomic sites 
4. Assist in interventional procedures 


5. Integrated research for physiologic data 
6. Cost of medical care reduction 


In many patients, two or more of the aforemen- 
tioned applications of MRI occur simultaneously, 
but they have varying degrees of implication in 
patient management. 


Lesions with specific signals: The amount of MR 
signal coming from the region of interest is re- 
lated to three things: T, -time constant, T, -time 
constant; and proton density. In very general 
terms the T, values of tumors tend to be of such 
quality that the signal level is low and they ap- 
pear on the radiograph film. This is referred to 
as low to intermediate signal levels. The T, val- 
ues of malignant tumors are prolonged and 
hence they give up signal for a longer period of 
lime than adjacent normal tissues. Under this 
set of circumstances they will appear quite bright 
compared to their surrounding tissues on T, - 
weighted pulsing sequences. Unfortunately there 
is considerable overlap between normal and ma- 
lignancy whenever inflammatory disease is 
superimposed. 


Nuclei with an odd number of protons must be 
present to receive a signal from any tissue. Cal- 
cified lesions are made up of atoms that are very 
poor in MR signal and hence they appear quite 
dark. On the other hand tumors with a lot of 
protein, blood break-down products, or other 
fatty lesions are generally quite bright on MR sig- 
nals. 


When one couples the MR signal characteristics 
with the anatomic site and morphology of a le- 
sion, relalively specific diagnoses become pos- 
sible. For example when sees circular, sharply 
outlined homogeneously bright signal regions on 
a T, -weighted image of the parotid glands, this 
would indicate multiple cysts. In a clinical set- 
ting of a young individual who is high risk for 
AIDS, MRI may indicate the presence of the dis- 
ease even before blood titers become positive of 
HIV virus. Soms* reports that he has encoun- 
tered these signal-specific lesions as long as Six 
months prior to the blood test becoming positive. 


Information concerning morphology. One of the 
easiest things to accomplish with MRI is to recog- 
nize blood vessels by low voids. During the MRI 
experiment, protons that have been “stimulated” 
flow out of the section and therefore do not give a 
signal in the plane of section. The lumen of the 
blood vessel are visualized as absence signals 
when flow is rapid. Slower flows that are near 
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the entry slice can be seen as a bright signal be- 
cause the protons coming into the plane of sec- 
tion have not been magnetized previously and 
are able to give a high signal. 


Identification of bloods vessels and the rate of 
blood flow is particularly helpful about skull base 
lesions and masses around the head and neck. 
Tumors that share the same common anatomic 
sites can frequently be differentiated on the basis 
of their vascularity. For example, glomus jugu- 
lare tumors will closely simulate neuromas aris- 
ing around the jugular fossa. Neuromas may ha- 
ve one of two fairly significantly-sized blood ves- 
sels, but they do not begin to approach the vas- 
cularity that one sees with glomus jugulare tu- 
mors. A similar statement can be made regard- 
ing juvenile angiofibromas, which show numer- 
ous large blood vessels throughout the tumor 
masses. As a matter of fact these are so striking 
that a specific diagnosis can be made. MRI 
eliminates the need for diagnostic angiography. 


With MRI, the differentiation of cystic and solid 
lesions is very much like that of CT; cystic le- 
sions present as a homogeneous signal on both 
T, and T, weighted pulsing sequences. Their de- 
gree of brightness will depend on the amount of 
protein of blood within the fluid. If the fluid is 
merely straw colored, it will act very much like 
cerebral spinal fluid and be of low signal on T, 
and become brighter on T,. High protein fluids, 
mucous, and previous bleeding into the cyst will 
all produce varying degrees of high signal on 
both T, and T,. This differentiation can be ex- 
tremely helpful when one is trying to identify so- 
lid elements within cystic lesions. Mandibular 
lesions, sinus carcinomas, and other tumors in- 
volving the paranasal sinuses can be better char- 
acterized with MRI than almost any other imag- 
ing modalities. 


Visualization of new anatomic sites. MRI has 
solved one of the dilemmas of CT and that is im- 
aging about the skull base. With a CT beam, 
hardening artifacts frequently make fine detail 
impossible to discern. Although MRI does not 
visualize calcium as a positive signal, the cortex 
of bone can still be seen as an absence of signal; 
even blood flow and marrow spaces within the 
bone are visualized by variations of high signal 
for fatty marrow and intermediate signal for red 
marrow. Blood flow within bone follows the same 
signal patterns as blood flow in other regions of 
the body, with rapid flow usually being demon- 
strated as flow voids. At times the negative 
shadow of cortical bone and the flow voids of 


bloods vessels can be confusing. This problem 
can be readily overcome if gradient echoes are 
added to the pulsing sequence, which character- 
istically changes any flowing blood to bright sig- 
nal. 


Most importantly, MRI enables one to carefully 
scrutinize soft tissue adjacent to dense bone 
such as the cavernous sinus, the internal audi- 
tory canal, the medullary space of mandible and 
other tubular bones. The better soft tissue con- 
trast is also of considerable help in examination 
of the pelvis, spinal canal, medistinal structures, 
and regions of the thoracic inlet where artifacts 
from the shoulders frequently obscure CT imag- 


ing. 


When examining the cavernous sinus, T, pulsing 
sequences are usually the examination of choice 
for better anatomic detail. The cavernous sinus 
is frequently quite bright on T, and detail is ob- 
scure. Extensions of lesions into the central 


nervous system require T, -weighted pulsing se- 


quences for identification. 


Interventional procedures. In addition to 
anatomic localization in a three dimensional fas- 
hion, MRI can be used for biopsy needle place- 
ment, monitoring blood flow and probably, in the 
future, real-time imaging with fast echo tech- 
niques. The beauty of MRI is that the operators 
do not have to worry about being exposed to ion- 
izing radiation. 


Lufkin et al use a nonferromagnetic needle for 
aspiration cytology diagnosis.’ This needle can be 
placed in regions that are beyond the palpating 
fingers of the cytologist and can even be directed 
to body cavilies adjacent to the skull base. Our 
needle has been adapted to stereotaxic work for 
intracranial interventional procedures.® 


Integrated research for physiologic data. Be- 
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cause the raw data of MRI is already digitized, it 
is a very simple matter to store and manipulate 
this data in parallel with other imaging tech- 
niques such as PET scanning and CT. MRI can 
also be coupled with the digital images of angi- 
ography. The neuroradiology team at UCLA has 
written a rather simple program to be used on 
desk top computers, which enables one to view 
simultaneously on a monitoring screen the sec- 
tions of MRI, PET scanning. ® They have even ar- 
ranged the data so that with a joy stick one can 
point to an anatomic structure in one imaging 
modality and the other imaging modalities will 
automatically adjust to focus on the same ana- 
tomic site. This can be extremely helpful by de- 
veloping a three-dimensional picture of what ves- 
sels would be encountered with a needle place- 
ment and what regions of metabolically-active 
tissue would be encountered along the pathway. 


Cost of medical care reduction. Surprisingly, 
much of this digitization offers the possibility of 
actually reducing the cost of medical care rather 
than building up an “expensive research toy.” 
After some experience one can predict which ar- 
eas will be metabolically-active and which blood 
vessels are located along surgical or biopsy path- 
ways: The desktop computers are already avail- 
able for other routine work and can be utilized 
at minimal expense. 


In conclusion, we hope that this issue of Hospi- 
medica will serve to stimulate innovative thinking 
on how to improve patient care at reduced cost. 
Although the expansion of radiology at times may 
seem overwhelming, we can rest assured that 
our future is quite exciting because a subspecial- 
ity of medicine such as ours will definitely attract 
the most inquisitive minds and capable physi- 
cians. We must all keep open minds and not re- 
sist the explosive nature of our changing special- 
ity, or other disciplines will surely rise and take 
over the challenge. 
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9. X-ray Image Intensifiers 
Lower radiation exposure, better im- 
ages, easier documentation 


K. Bartholmess* 


The instrument known as an image intensifier 
in radiology is, in the strict sense, an elec- 
tronic amplifier tube but the term generally 
implies the complete unit comprising tube, 
casing and auxiliaries. It is employed in fluo- 
roscopy for the purpose of greatly enhancing 
the brightness of the normal fluorimetric im- 
age and thus reducing radiation dose to the 
patient on the same scale. The intensified im- 
age permits better visual recognition of details 
by the examiner and saves him having to go 
through the full process of visual adaptation 
before commencing with the examination. 
Modern image intensifiers and closed-circuit 
television technology at today’s level coupled 
with the capabilities of digital data storage 
leave hardly anything to be desired by sur- 
geons in visualization techniques. 


X-ray image intensifier systems are visibly distin- 
guished by a C-arm mounted together with the 
other components on a wheeled base. There are 
also permanently installed C-arm systems sus- 
pended from an overhead support, clamped be- 
tween floor and ceiling on an upright metal col- 
umn, or resting on a plinth. Double C-arm set- 
ups for fluoroscopy on two planes are installed 
for some interventional radiographic procedures, 
for instance in cardiovascular suites. All the dif- 
ferent designs are specifically adapted to meet 
the needs of their specialized applications. 


Mobile units are commonly referred to as surgi- 
cal image intensifiers, which reflects the particu- 
lar requirements placed on them, including high 
maneuverability, versatility of adjustment, opera- 
tion on a power circuit fused at 16 A, quick posi- 
tioning, compact dimensions, neat guides, 
smooth surfaces to satisfy hygiene demands in 
the operating room, and ease of operation as they 
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may need to be worked by various users 
throughout the day. 


All this costs money, of course, but prices of the 
equipment have remained more or less steady in 
spite of the repeated improvements they have 
undergone in the past and continue to enjoy. 
Mobile surgical image intensifier systems for con- 
trol and documentation radiography and fluoros- 
copy, equipped with digital TV image storage, 
twin monitors and mulliformat camera are now 
on the market at prices around DM 250,000. 
They are adaptable to a vast range of medical ap- 
plications: 


Accident surgery 

X-ray examination of plaster casts 
Orthopedic surgery 

Hand surgery 

Operative cholangiography, cystography 
and pyelography 

Cardiac pacemaker implantation 
Cheminucleolysis 

Localization of foreign bodies 

Isotope therapy monitoring 

Controlled excision of biopsy specimens or 
placing of implants and introduction of 
sounds 

L Endoscopy 

iS Intensive care 


Among the advantages of fluoroscopic examina- 
lion with an image intensifier and videoradi- 
oscopy camera (Fig1) is the substantial reduction 
of the radiation dose to which patients are ex- 
posed. In sum the benefits gained from using 
an x-ray image intensifier may be listed as: 


Low radiation dose 

Automatic control of dose level 

Better imaging quality 

Quicker working 

No need for absolute darkness 

No waiting by examiner for visual adapta- 
tion 

Individual and serial fluorographs made 
with reduced radiation dose by indirect film 
exposure 
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The dose is reduced by a further 60% or so when 
employing TV monitors in conjunction with digi- 
tal image storage devices, as the image is re- 
corded during exposure of the patient and can be 


Reprinted with permission from medical focus 1/1987 pp 70-73 


retrieved at any time subsequently for diagnostic 
interpretation. There are additional benefits de- 
serving close notice: 


[] The examiner does not have to stay glued 
to a viewing lens. 

] Several physicians can view the image at 
the same time. 

O Image contrast is adjustable, meaning that 
reduced-dose fluoroscopy is possible at 
higher tube voltages. 

[] The fluoroscopic image can be transmitted 


to an external audience well away from the 
source of radiation. 


Design of an x-ray image intensifier 


The intensifier tube is an evacuated glass bulb 
containing a fluorescent screen with a directly 
coupled photocathode on its input (Fig 2). Expo- 
sure to x-rays causes photoelectrons to be emit- 
ted which are displayed on a smaller viewing 
screen by means of electrostatic lenses and an 


acceleration voliage of typically 25 kV, thus pro- — 


ducing an image of amplified brightness. 


Because of its substantial advantages, use of 
an image intensifier may be considered state of 
the art, especially as videoradioscopy, cineradi- 
ography and indirect radiography are all depend- 
ent on image intensification. 


Image intensifier and videoradioscopy link 


In videoradioscopy, which is a combination of 
radiography and closed-circuit television,the x- 
rays passing through the patient undergoing ex- 
amination are inverted into visible light and 
picked up by a video camera. 


The image is reproduced either by a conven- 
tional optical glass lens (Fig. 3) or through fibre 
glass optics. As with any oplical system, losses 
due to reflection and scattering occur, resulting 
in reduced contrast of the image. Brightness and 
definition also deteriorate towards the image 
edges. Since the image must be scaled down for 
reproduction by the video camera, two lenses are 
necessary, Meaning that a longer housing is 
needed. This longer housing entails a great risk 
of accidental collision with the mobile types of 
image intensifier. 


With fibreoptics (Fig. 4) the image is picked up 
straight from the camera, thus avoiding scatter 
loss for the most part. Losses are, however, af- 
fected by the diameter of the fibre optic cables in 
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relation to the wavelength of the light. This 
means that the image brightness is affected in 
this instance, Loo. 


Standard closed-circuit TV systems employ a 
picture matrix of 512 X 512 or 640 X 512 pixels 
with a depth of 8 bits. Bandwidth varies among 
different makes and may be 8, 10, 15 or up toa 
maximum of 20 MHz. High-definition videoradi- 
oscopy systems on the other hand provide a ma- 
trix of 1024 X 1024 pixels by 10 bits with 1249 
rater lines and a bandwidth of 25 MHz. This 
gives approximately twice the resolution and 
greatly enhanced contrast along With a better 
signal-to-noise ratio. Even with a very small ra- 
diation dose to the patient of 2.58 X 10” A/kg 
(1OuR/s), the resolution attained with a high- 
definition x-ray TV system is significantly better 
than that with a conventional 625-line system 
(and a conventional dose of 5.16 X 10° A/kg = 
20uR/s). 


Digital image storage 


Digital storage is essential for highest quality 
of visualization. When image storage capabilities 
were introduced to fluoroscopic examination a 
few years ago, using analogue technology at the 
time, they resulted in reduction of patients expo- 
sure but at the expense of poorer quality of re- 
production. The situation only improved sub- 
stantially with the availability of digital image 
processing, resulting in further reduction of ra- 
diation dose with a concurrent improvement in 
demonstration quality. 


At present, digital multiframe memories are 
available to store 2 and 25 or 32 full video im- 
ages. Two full images are stored in solid-state 
memories and 25 full images on magnetic hard 
disks. | 


The digital hard disk unit delivers stored im- 
ages that are equal in quality to the original 
fluoroscopic image, thus permitting detailed eva- 
luation of the visualized data subsequent to com- 
pletion of the operation. It is also possible to 
make high-quality hard copies of the stored im- 
ages on film for permanent documentation, 
which can be done at any time afterwards, out- 
side the operating suite if necessary, and without 
any further generation of x-rays. 


Dual-plane image storage 


With two video monitors, observation on two 
planes can be simulated, simultaneously viewing 


either one real-time and one stored image or two 
stored images. 


Digital image storage provides the examiner 
with a number of special capabilities such as 
noise suppression in various slages and image 
subtraction. Noise suppression improves the sig- 
nal-to-noise ratio and thus the image quality. 
Subtraction means that a stored image can be 
separated from the continuing scan. 


Not only does digital storage of fluorographic 
images allow of reducing radiation dose, it sim- 
plifies recording of the images for documentation 
and their further processing. Documentation is 
performed with mulli-imager cameras and its 
features are: 


LJ Quick and reliable diagnostic interpretation 
of the image in the absence of radiation ex- 
posure. | 

[] Subsequent documentation of the results 
of surgery on transparent film | 

[] Avoidance of risk of breaking aseptic condi- 
tions such as exists with direct radiography 

[| Simplified, smooth procedure in the operat- 
ing room with no interference caused by 
making radiographs 

[| No need for radiographic technicians to be 
present in the operating room 

L Centralization of documentation on film for 
several operating rooms 


Alphanumeric data input 


Data can be entered in the stored images 
through an alphanumeric keyboard, for instance 
patient’s name, hospital name, date of examina- 
tion, and technical data of fluoroscopy/radiogra- 
phy. The keyboard is placed on the mobile cabi- 
net supporting the two monitors and the mullti- 
image storage and documentation devices. The 
data are displayed at the top and bottom of the 
monitor screen as entered and are also recorded 
on documentation films produced with a mullti- 
format casetle camera. 


Technical description 


A mobile surgical image intensifier system 
generally consists of two principal units, both 
wheeled for portabilily. One is the C-arm unit 
with the x-ray image intensifier mounted on one 
end of the arm and the x-ray tube of double fo- 
cus verlical-anode type on the other end. The C- 
arm is fastened to a mechanical linkage arrange- 


ment which can be moved vertically by motor 
power to a height of 500 mm and is capable of 
swivelling horizontally through 12.5 degrees in 
either direction. The linkage is integrated into 
the voluminous and heavy section which con- 
tains the two high-tension generators for the im- 
age intensifier tube (up to 25 kV) and x-ray tube 
(up to 110 kV). Controls for the C-arm are simi- 
larly arranged on this section, the entire unit 
resting on a carriage whose swivel wheels have 
running and parking brakes. The C-arm stand is 
connected to the control and high-tension sec- 
tion by a flexible cable. The unit’s center of grav- 
ily is located so as to ensure safe working with 
the C-arm in many posilions. Weight of this unit 
varies between 198 and 230 kg for the various 
makes and equipment designs. 


The second mobile unit is a cabinet on a 
wheeled carriage, supporting either one or two 
video monitors in a size of 51 or 44 cm diagonal, 
which gives a screen image measuring about 26 
to 27 cm. In addition to the monitors, this cabi- 
net can be fitted with digital dmage storage de- 
vices of various capacities. Types are available 
for storing one, two or multiple images (up to 
about 32). A multi-imager camera for documen- 
tation of x-ray images can similarly be mounted 
on the unit. This camera can work with optional 
(one, two or four) or preset image formats. Ow- 
ing to the various options, weight of the second 
mobile unit may be between 50 and 164 kg. In- 
stallation of a multiformat camera on the moni- 
tor carriage makes for independent operation. 


No film cassette holders need to be provided 
on the image intensifier tube of these mobile 
units in order to make radiographs. An image 
memory or storage device and a mulltiformat 
camera make juggling with film cassettes a thing 
of the past. 


So as to obtain images rich in contrast with 
sharp contours and high local definition, espe- 
cially for surgery on the hand and blood vessels, 
a matrix of 1024 X 1024 pixels at 8 bits depth 
and a highraster TV system of 1249 lines at 25 
MHz bandwidth is desirable. Apart from larger 
digital storage capacity, this necessitates im- 
proved TV links and adaptation of the multifor- 
mat camera and storage device to the higher im- 
age intensifier and TV ratings. Only with such 
advanced technical design can fluorographic sys- 
tems with image intensifier, video camera and 
digital processing facililies come close to the high 
definition of large-format film radiography. 
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Neurology 


10.Present and Future Per- 
spectives of Application and 
Utilization of Modern Tech- 
nology in Neurology 


Dr. S Jain* and ‘Dr. M.C. Maheshwari** 
I Introduction 


Since the end of the nineteenth century, a 
new image of hospitals evolved as institutions 
where patients of all social classes could expect 
to find the highest quality medical care and 
could reasonably expect to be cured of their dis- 
orders. In the twentieth century, the hospital 
has become the major institutional resource ava- 
ilable to society for Spee with problems of 
health and illness.. 


At this point it is important to distinguish be- 
tween general and specialily hospitals, according 
to the type of service they offer. General medical 
and surgical hospitals provide diagnostic and 
treatment services for patients who have a great 
variety of health disorders. Most general hospi- 
tals are short term care facilities. Since many 
health problems require a level of medical treat- 
ment and personal care that extends beyond the 
range of service normally available to the pa- 
tients in general hospitals, speciality hospitals 
typically restrict their services to patients with 
specific disorders. Speciality hospitals mostly 
have facilities for longterm care of the patients 
and the majorily have specialities like cardiology, 
cardiothoracic surgery, neurology, neurosurgery, 
gastroenterology, endocrinology, nephrology etc. 


Neurology is often regarded as one of the most 
difficult specialities of medicine. The aim of the 
neurologist is to arrive at a final diagnosis by art- 


ful analysis of the clinical data, aided by the least 

number of diagnostic procedures. Similarly, the 
strategy of diagnostic tests in a given patient 
should be based on the therapeutic and prognos- 
tic considerations, not on the physician’s curios- 
ity of some other factors. A few decades ago the 
only diagnostic procedures available to the neu- 
rologist were, examination of a sample of the 
cerebrospinal fluid, radiology of the skull and 
spinal column, pneumoencephalography, electro- 


encephalography and radiopaque myelography. 


Now, through the advances in scientific technol- 
ogy the list of diagnostic tests available to the 
neurologist has been expanded to include a 
multitude of diagnostic methods. Some of these 
new methods are so impressive and non-invasive 
that there is a tremendous temptation to substi- 
tute them for a careful, detailed history and clini- 
cal examination. This tendency must be avoided. 
The treating neurologist should always keep in 
mind the importance of the clinical method. 


The decision to carry out an investigation in 
any patient must be taken with great caution 
and the relevance and significance of any test re- 
sult must be judged very carefully. Hence, the 
neurologist must be familiar with all the diagnos- 
tic procedures that he is likely to use, and their 
reliability. This needs to be emphasized once 
again when one is dealing with diagnostic texts 
involving modern technology because fo their 
non-invasiveness, increasing availability and 
ability to document lesions probably responsible 
for the neurologic abnormality - a fact which was 
a dream till a few decades ago. 


II Imaging Techniques in Neurologic 
Diseases 


Plain radiographic films of the skull and spine 
have been considered a ‘routine’ part of investi- 
gations in a neurologic patient. It has now been 
realized that plain films of this type rarely give 
any useful information if used as a ‘routine’ diag- 
nostic method. ‘Routine’ X-ray films are not at 
all cost effective and carry a risk of radiation ex- 
posure. Improved techniques like pneu- 
moencephalography (PEG), carotid and vertebral 
angiography and serial autotomography had in- 
creased the diagnostic yield in some special 
cases. However, the most important recent ad- 
vance in neuroimaging. has been the advent of 
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computerized tomography(CT scanning). This 
technique has not only replaced many traditional 
imaging procedures like PEG but has revolution- 
ized the ability to visualize nervous tissues (brain 
and spinal cord) in neurologic patients. It has 
also opened up a totally new field of bioneuropa- 
thology. 


In CT scanning the attenuation coefficient of 
various structures in the brain and spinal cord is 
measured, with computer assistance, by more 
than thirty thousand two to four mm beams of X- 
rays, directed successively at several horizontal 
levels of the cranium and the spine. The differ- 
ing densities of bone, CSF, blood, gray and white 
matter can easily be distinguished in the result- 
ing picture. Brain tumors, hemorrhages, in- 
farcts, abscesses, edema and degenerative 
changes can all be visualized with great accuracy 
and size and position of the ventricles can also 
be judged. The other advantage is that the radia- 
tion exposure is not significantly greater than 
that from plain skull films. 
where infections and infestations are still com- 
mon, CT scanning has helped us to understand 
the pathophysiology and in the better manage- 
ment of conditions like CNS tuberculosis, ab- 
scesses and neurocysticercosis. With the newer 
generation machines, the brainstem, cerebellar 
and the spinal cord pathologies are also better 
visible. Even in the advanced countries CT scan 
was a novelty about a decade ago. In the last few 
years, it has become an integral part of diagnos- 
tic neurology, and even in our country, is now 
within reach of most of the patients who need it. 


Another significant recent advancement over 
CT scanning has been the introduction of mag- 
netic resonance imaging (MRI). MRI uses 
nonionizing energy in contrast to CT scanning 
and also provides slice images of the brain and 
spinal cord in any plane. MRI scan is carried out 
by placing the patient in a powerful magnetic 
field. The magnetic field causes the protons of 
the tissues and CSF to align themselves in the 
orientation of the magnetic field. A specific radio 
frequency (RF) pulse is then introduced into the 
magnetic field which causes these protons to 
resonate and to change their original alignment. 
The-protons then emit the radio frequency energy 
which they had absorbed and this energy is sub- 
jected to computer analysis, which is converted 
into an image. 


MRI has clear cut advantages over CT scan- 
ning. It gives a much better contrast between 
gray and white matter, is much more sensitive 
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for many lesions in the central nervous tissue, 
has a greatly increased capacily to demonstrate 
brainstem and cerebellar pathologies (because of 
lack of bone artifact), and has no risk of ionizing 
radiations. Abnormalities of the hindbrain and 
syringomyelia are specially well defined by MRI. 
Despite the fact that MRI device is costly and re- 
quires special housing to contain its powerful 
magnetic field, it has become an important ad- 
junct to existing CT techniques for neurologic di- 
agnosis and has even replaced CT scanning in 
the diagnosis of many neurologic disorders. The 
basic technique of MRI has already been ad- 
vanced to include 3-D pictures, spectroscopy and 
angiography. These advancements of MRI tech- 
nology will have a definite impact on neurologic 
diagnosis in the next few years. 


Various radioactive isotopes of mercury, tech- 
netium and arsenic have been in regular use for 
the visualization of tumors, inflammatory 
masses, subdural haematomas and some vascu- 
lar lesions. These are expensive but simple and 
non-invasive procedures and now have a very 
limited role after the availability of CT scanning 
and MRI. Positron emission tomography (PET) 
involves introduction of a positron emitting sub- 
stance into the body. The metabolic rate of a 
particular area of the brain is then reflected in 
the amount of positrons emitted and the energy 
of these positrons is then converted into a colour 
coded picture with the help of computers. PET is 
still a research tool and is being extensively used 
to study the altered physiology in various disease 
states. | 


The technique of angiography has been devel- 
oped over the last 35 years and is a relatively 
safe method for the diagnosis of vascular abnor- 
malities like aneurysms, vascular malformations, 
occlusion of arteries and veins, and, some mass 
lesions also. A recent refinement of angiographic 
technique has been digital subtraction angiogra- 
phy (DSA). It uses digital computer processing to 
produce an image of the major cervical and in- 
tracranial arteries. DSA can be carried out via 
venous or arterial roule and the advantage over 
conventional angiography is that the amount of 
contrast medium required is much smaller. DSA 
is also considerably safer and more economical 
and reliably visualizes occlusions and stenosis of 
the carotid vessels, as well as large ulcerative 
plaques and aneurysms. Doppler flow study us- 
ing ultrasound technology is the other noninva- 
sive method to evaluate the carotid vessels and 
has been used as a diagnostic modality compli- 
mentary to DSA in such disorders. 


Water soluble contrast media, such as metri- 
zamide, are self absorbing and are being used 
with increasing frequency instead of oily contrast 
media like myodil (Pentopaque) for myelography. 
Radio-opaque myelography has been very useful 
in the diagnosis of spinal conditions like rup- 
tured lumbar and cervical discs, spondylotic my- 
elopathy and spinal cord tumours. The whole 
body CT scan also provides excellent images of 
the spinal canal and intervertebral foramen in 
three planes. The combination of metrizamide 
and CT scanning is a particularly useful means 
of visualizing spinal and posterior fossa lesions. 
Cranial and spinal bone scans are of immense 
value in visualizing tumours and inflammatory 
processes in cranial and spinal bones. The bone 
scan can be combined with gallium scan for the 
opacification of the soft tissues. 


I Electrophysiological Evaluation in 
Neurologic Diseases 


Electroencephalography (EEG) has been part 
of the clinical study of the patients with cerebral 
disease and also in the evaluation of the cerebral 


effects of many medical diseases. The ordinary 


EEG represents the record of electric activity of 
the brain under restricted circumstances. Over 
the years, EEG has been used in the evaluation 
of patients with epilepsy, brain tumour, abscess, 
' subdural hematoma, cerebrovascular disease, 
head injury and various other diseases that 
cause coma and states of impaired conscious- 
ness. Despite its limitations of nonspecific ab- 
normalities in most of the conditions, EEG is still 
useful in the evaluation and management of 
many patients with epilepsy. Different types of 
epilepsy can be recognised from the type of ab- 
normal electrical discharges seen in the EEG and 
proper drug therapy instituted. Various activat- 
ing procedures like hyperventilation, photic 
stimulation, natural and induced sleep record, 
whole night EEG record and EEG record with 
sphenoidal electrodes have been used to enhance 
the diagnostic yield. Although the advancements 
in imaging techniques have vastly restricted the 
utility of EEG in neurologic disorders, it is still a 
cheap, easily available and non-invasive tech- 
nique which has its own place in the neurologic 
evaluation. Several technical developments have 
also occurred in electroencephalography. The 
availability of telemetric EEG, ambulatory cas- 
sette EEG recording, simultaneous video-EEG re- 
cording, magnetoencephalography and comput- 
erized brain mapping are some of the advances 
which have been shown to be important clini- 
cally, although in a restricted group of patients. 
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The stimulations of sense organs or peripheral 
nerves evokes a response in the appropriate cor- 
tical areas which could not be recorded till re- 
cently because of much larger back ground activ- 
ity in the form of EEG. The use of averaging 
methods introduced by Dawson, in 1954, and 
the more recent development of digital computers 
have provided the means of overcoming these 
problems. A series of waveforms, modified at 
each relay station and recorded by distant elec- 
trodes can be maximized by the computer to a 
point where they can be easily measured in 
terms of their voltage and latency. These wave- 
forms have been called as computerized evoked 
potentials. The three commonly used in clinical 
practice are the pattern shift visual evoked re- 
sponses (PSVER), brainstem auditory evoked re- 
sponses (BAER), and short latency somatosen- 
sory evoked potentials (SLSEP). The main indi- 
cations of doing these tests are to obtain confir- 
mation of a disorder of function in particular 
parts of the nervous system and to ascertain its 
nature or to quantitate the disorder in order to 
determine, by repeated examinations the natural 
course of the underlying illness. .These tests 
have also been used to detect subclinical in- 
volvement of the nervous system in various neu- 
rologic disorders. PSVERs have extensively been 
used as a diagnostic tool in multiple sclerosis, 
and many other conditions affecting the optic 
nerves or visual pathways posterior to the optic 
chiasm. BAERs have been used with great ad- 
vantage in disorders of the eighth cranial nerve 
and various conditions with abnormalities in the 
brainstem. SLSEPs have been most useful in es- 
tablishing the existence of lesions in spinal roots, 
posterior columns and brainstem in such disor- 
ders as Guillian Barre syndrome, multiple sclero- 
sis, and cervical spondylosis, even when the 
clinical data may be uncertain. 


Electrodiagnosis of neuromuscular disease 
has been in clinical use for many years. Electro- 
myography (EMG) and nerve conduction studies 
are the two techniques most commonly used. 
The abnormalities in amplitude, duration, and 
shape of motor unit potentials as recorded in 
EMG can help to differentiate a myopathic proc- 
ess from a neuropathic disorder. In addition, 
certain types of spontaneous activity and 
changes in the interference pattern can help in 
the evaluation of certain disorders like neuro- 
myotonia, myotonic diseases, and other condi- 
tions with defective relaxation of muscle fibers. 
Single fiber electromyography (SFEMG) is a spe- 
cial technique for the recording of single muscle 
fiber action potentials, and is used to measure 


fiber density and jitter. Fiber density is the index 
of the number and distribution of muscle fibers 
within a motor unit. Jitter is the variability of 
the interpotential interval of successive dis- 
charges of two single muscle fiber action poten- 
tials belonging to the same motor unit. SFEMG 
is particularly useful in the detection of disorders 
of neuromuscular transmission, especially myas- 
thenia gravis. Fiber density and jitter are often 
markedly increased in neuropathic disorders 
causing denervation and reinnervation. They are 
usually normal, or only slightly increased in my- 
opathic disorders. 


The results of motor and sensory nerve con- 
duction studies, expressed as amplitudes, con- 
duction velocities, and distal latencies yield very 
useful information in many disorders affecting 
the peripheral nerves. Demyelinaling neuropath- 
ies cause maximum reduction in the nerve con- 
duction velocities. Focal compression of nerve, 
as in carpal tunnel syndrome, may produce lo- 
calized slowing or blocks in conduction, perhaps 


because of segmental demyelination at the site of 


compression. Repetitive stimulation studies by 
the application of brief electrical pulses to the 
skin overlying a motor nerve have been used in 
the evaluation of patients with disorders of trans- 
mission at the neuromuscular junction like my- 
asthenia gravis and the myasthenic syndrome of 
Lambert-Eaton. 


Information about the conduction of impulses, 
through the proximal segments of a nerve, not 
obtainable by routine nerve conduction tech- 
niques, can be provided by siudy of the H reflex 
and the F wave. When conduction studies of the 
distal segments of peripheral nerves are normal, 
prolonged latencies of the H and F waves can be 
taken as evidence of disease in the most proxi- 
mal segments of the nerves or spinal roots. Test- 
ing for conduction along the autonomic nerves, 
central motor conduction and central EMG have 
recently been standardized in various laborato- 
ries and are now being used in the evaluation of 
patients suffering from various diseases affecting 
the peripheral and central nervous system. 


I! Histopathological Evaluation in 
Neurologic Diseases 


Muscles and nerve are two tissues commonly 
used for histopathologic diagnosis in various 
neurologic diseases affecting the neuromuscular 
system. Muscle biopsy specimen can be stained 
by hematoxylin and eosin and studied under the 
microscope. Special techniques are applied if it 
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is desirable to visualize particular qualities of a 
disease. Various histochemical stains for en- 
zyme content of muscle fibers are used in many 
laboratories in the diagnosis of some unusual 
myopathies. Electron-microscopy is useful in 
confirming abnormalities detected by histochemi- 
cal staining and provides a refined means of 
studying other myopathies. Sural nerve is most 
commonly biopsied and can provide valuable 
data, even when examined by ordinary micros- 
copy. Nerve fiber teased preparations and mor- 
phometric studies are also available in centres 
where nerve and muscle diseases are under in- 
vestigation. 


IV Immunological Tests in Neurologic 
Diseases 


Recent advances in the filed of neuro immu- 
nology have made it clear that the speciality of 
neuroimmunology is not only concerned with the 
relationship between the immune and nervous 
systems but has great potential for helping to 
understand the pathophysiology and in the diag- 
nosis, and also guide us in the planning and 
evaluation of therapy of many neurologic disor- 
ders. The introduction of laboratory methods 
like radioimmunoassay (RIA), fluorescent anti- 
body techniques, detailed analysis of comple- 
ment system and enzyme linked immuno-sorbent 
assay (ELISA) have boosted up many discoveries 
in this regard. Analysis and development of the 
HLA system gave further impetus to the research 
in the field of neuroimmunogenetics. 


Elevated levels of CSF-immunologlobulins 
have been now documented in many conditions 
like multiple sclerosis, and subacute sclerosing 
panencephalitis (SSPE), etc. Various immunog- 
lobulin abnormalities in the serum and or the 
CSF have also been documented in diseases of 
the peripheral nervous system like Gullian Barre 
syndrome (GBS), subacute necrotizing myelopa- 
thy, polymyositis, and myasthenia gravis (MG). 
The identification and detection of anti-ace- 
tylcholine receptor antibodies have contributed 
significantly to the understanding of myasthenia 
gravis; the identification of myelin basic protein 
has been another hallmark in the immunological 
aspect of many neurological diseases. ELISA is 
now being increasingly used for the development 
of diagnostic laboratory tests for many diseases 
of the nervous system which are common in In- 
dia- tubercular meningitis and neurocysticerco- 
sis being the two most important. Immunologi- 
cal techniques are now being increasingly em- 
ployed not only in the diagnosis of the type of 


brain tumours but also to monitor the develop- 
ment and’ progress of these tumours with impli- 
cations in prognosis and therapy. A new speci- 
ality of tumor-immunology has developed in the 
last few years. Immune mechanisms are now 
been investigated in a large number of other 
neurological disorders like motor neuron disease, 
neurological complications of AIDS, progressive 
multifocal leucoencephalopathy, ataxia telangiec- 
tasia and vasculitis associated with neurological 
diseases. With advancement in research, it is 
hoped that many specific ‘immuno-modulators’ 
responsible for the neuro-immunological dis- 
eases would be isolated so that more specific tar- 
get-oriented immunological therapeutic meas- 
ures can then be developed for use in clinical 
practice, 


V Biochemical and Biologic Tests in 
Neurologic Diseases 


A number of highly specific tests of serum, 
CSF and circulating red and white blood cells 
have now become available with the recent ad- 
vances in biochemistry of metabolic neurological 
diseases. Largely this has resulted from the ap- 
plication by Dent of-the paper chromatographic 
method for the analysis of aminoacids in the 
blood and urine. More recently, high pressure 
gas liquid chromatography, mass spectroscopy, 
and electron microscopy have continued to reveal 
previously unknown diseases and to clarify the 
basic biochemistry of.old ones. Various labora- 
tory tests including assay of an abnormal end 
product, enzyme content of various cells, and 
other sophisticated procedures have not only 
helped in the diagnosis of various diseases but 
have made mass screening and prevention of 
such diseases practicable. Now, it is possible to 
find patients, who, though asymptomatic, are al 
risk, and to introduce remedial measures to pre- 
vent injury to the nervous system. To assume 
this responsibility, neurologists require some 
knowledge of genetics, of biochemical screening 
methods, and of public health measures. 


The revolution in molecular biology begun by 
Watson and Crick in defining the structure of 
DNA and by Nirenberg in deciphering the genetic 


code has clearly entered the arenas of neurobiol- 
ogy and clinical neurology. With the use of re- 
combitant DNA technology, it is now possible to 
identify the mutations in genetic neurologic dis- 
eases and for antenatal diagnosis. The greatest 
progress in understanding genetic neurologic 
disorders has been with the autosomal and X- 
linked recessively inherited disorders, which are 
due principally to enzyme defects. Recombinant 
DNA approaches have been projected to have a 
great impact in the dominantly inherited dis- 
eases such as Huntington’s disease, myotonic 
muscular dystrophy, neurofibromatosis, the spi- 
nocerebellar degenerations, and Joseph’s dis- 
ease. Radiolabelled cDNA probes for various vi- 
ruses offer a new method to probe brain tissue 
from neurologic disorders of unknown cause. 
The technique of modern molecular biology has 
almost come to the bedside in the form of ‘Gene 
therapy’ in various medical conditions. Molecu- 
lar biologists have found the brain tissue a fertile - 
milieu. Neurologists will soon become familiar 
with and grow to rely on cDNA hybridization pat- 
terns in evaluating patients with genetic and 
metabolic disorders and, in the future, it is 
hoped, to be able to apply specific gene therapy 
to their patients. 


In the end, it must be remembered, that any 
battery of diagnostic tests can be planned intelli- 
gently on the basis of good clinical information. 
With the availability of ever increasing list of di- 
agnostic methodology, there is a likelihood of re- 
placing the clinical evaluation by these labora- 
tory tests. This reversal of the basic principle of 
clinical medicine shall be a great wastage of 
medical resources. In neurology, like other 


branches of medicine, the basic goal is the pre- 


vention of disease, because the brain changes in- 
duced by many neurologic disease are irrevers- 
ible. When a disease process has already set in, 
it is the responsibility of every physician to re- 
duce the morbidity and mortality. Many times 
the clinical method is inadequate so that these 
goals cannot be achieved by clinical examination 
alone. One then resorts to two other methods- 


_ diagnostic methods to identify and localize the 
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disease process and institute remedial measures, 
and the use of genetic information and laboratory 
screening for the prevention of inherited disease. 


Obstetrics and 
Gynaecology 


11.Modern Technology in 
Gynaecology and Obstetrics 
Its Current State and Future 
Application 


Dr. M. Karunakar* and Dr. V.L. Bhargava** 
I Introduction 


Recent decades have seen dramatic advances 
in medical technology, many of them applicable 
to the field of obstetrics & gynaecology and to 
maternity care. New imaging techniques, fetal 
acid base and blood gas analysis, electronic fetal 
heart monitoring, amniotic fluid studies, sophis- 
ticated endocrine studies and invitro fertilisation, 
are just a few of the newer advances that have 
become commonplace components of the repro- 
ductive health care in most developed countries. 


In selecting the appropriate technology, four 
criteria are to be considered, namely effective- 
ness, safety, technical feasibility and cost. 


Technological interventions which can be ap- 
plied at the community level, which do not re- 
quire highly educated personnel, and which are 
amenable to easy maintenance and quality con- 
trol should be given highest priority in developing 
countries. 


Following considerations should be included 
in any proposal before introducing the new tech- 
nologies in any country. 


(1) Local evaluation of every new technology 
should be done before such technology is ac- 
cepted and bought by a country. 


(2) It is not enough that it is efficient for the 
diagnosis or treatment of a health condition, but 
it must be proved to be more efficient in lowering 
the morbidity and ‘mortality rates already existing 
in that country. It should preferably be less ex- 
pensive and simpler than the available technolo- 
gies. When estimating the cost of any new equip- 
ment, it is not only the actual cost of the instru- 
ment and shipment, but also the cost of opera- 
tion, maintenance, repair, including spare parts, 
and training of the staff which should be added. 


(3) The Universities and health institutions 
which are the first to obtain and use a new tech- 
nology, should participate in the local evaluation, 
and keep a continuous comparison of the new 
and old technologies so as to obtain objective evi- 
dence of the relative advantages and disadvan- 
tages of each one of them. 


(4) The dependence of undergraduate and 
postgraduate trainees on high technology for 
their clinical work should be carefully avoided. 


(5) Greater efforts should be made to apply the 
new knowledge acquired through sophisticated 
technologies for the development of simpler and 
less expensive ones. 


(6) Any costly intervention which will reach 
only a minority of those in need, and because of 
iis expense, will result in a curtailment of other 
more basic services, is not to be encouraged. 


II Technology Applications in Ob- 
stetrics and Gynaecology 


pie Hysteroscopy 


Hysteroscopy is the oldest gynaecologic endo- 
scopic procedure by which direct visualisation of 
endometrial cavity is done using an endoscope 
and a light source. It is done in patients with 
abnormal uterine bleeding, recurrent abortions, 
suspected uterine synaechia and congenital mal- 
formations of uterus, as a part of infertility work 
up, and in cases of adenocarcinoma uterus to 
see ils extent: Some surgical procedures can 
also be performed through hysteroscope. These 
include, location and removal of intact or frag- 
mented IUCD, resection of submucous myoma, 
removal of polyps, uterine septa and thick adhe- 
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sions, LASER ablation of normal and abnormal 
endometrium as well as polyps. Silicone plug 
placement into the tubes for sterilisation, and 
salpingoscopy can also be done through hystero- 
scope. 


As hysterosalpingogram can miss pathological 
lesions in 40% of the cases, it is always advisable 
to do hysteroscopy. Hysteroscopy has a signifi- 
cant role to play to evaluate endometrial re- 
sponse to exogenous hormone in primary/secon- 
dary amenorrhoea and is the instrument of 
choice to visualize the vagina of an infant or pre- 
pubertal child. In future hysteroscopy may re- 
place most diagnostic D & C procedures. 


2. Contact Hysteroscopy is very useful in de- 
scribing colour, contour and vascular pattern of 
endometrium. The invention of microhystero- 
scope which does not require cervical dilatation 
enables the study of epithelial morphology of en- 
dometrium and endocervix. Very early dysplastic 
changes thus can be identified and biopsied for 
histopathological examination. 


Colpomicrohysteroscopy is another advance in 
endoscopic techniques which evaluate the en- 
dometrium, endocervix and vaginal epithelium 
simultaneously with obvious benefits. 

3. Colposcopy 

Colposcopy is 20-40 times magnified stere- 
oscopic visualisation of the epithelium and vas- 
cular changes of the vagina and cervix. Use of 
colposcopy and cytology for early detection of 
cervical neoplasia is one of the most challenging 
and rewarding area in gyneacologic oncology. 
Lesions of cervix when diagnosed and treated 
early are curable. Colposcopic examination with 
directed biopsy. is indicated in (i) persistant mini- 
mal abnormality on Pap smear (ii) major abnor- 
mality on Pap smear and (iii) cervical lesions 
noted on routine examination. 


Apart from diagnosing, colposcopy guides pre- 
cise ablative treatment modalities in CIN thus 
reducing the morbidity due to other modes of 
therapy. Its role in follow up of these cases is 
well established. 


Inflammatory, infectious, allergic and parasitic 
lesions, polyps, endometriosis and cervicovaginal 
malformations can be evaluated more precisely 
with colposcopy. 


Ancillary devices like photography, cinematog- 
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raphy, and television - all help in follow up, and 
teaching. 

4, Laparoscopy 

The impact of laparoscopy on the practice of 
gynaecology has been remarkable. Standard of 
patient care has improved and many puzzling 
questions have been answered without a proper 
laparotomy. Important indications for laparo- 
scopy are:- (i) tubal ligation; (ii) investigation of 
infertile women with abnormal hysterosalpin- 
gogram, clinical suspicion of pelvic inflammatory 
disease, endometriosis and before tuboplasty or 
IVF; (iii) premature menopause and intersex; (iv) 
pelvic pain, pelvic inflammatory disease unrup- 
tured or old ectopic pregnancy or endometriosis; 
(v) second look laparoscopy for followup of en- 
dometriosis & tuboplasty; (iv) retrieval of missed 
IUCD. 


Recent improvement in technology has led di- 
agnostic laparoscopy to be transformed into sur- 
gical laparoscopy. Haemostasis can be obtained 
by endocoagulution, loop ligation, endoligation 
and endosutures with extracorporeal or intracor- 
poreal knots. In some centres 40-45% of all gy- 
naecological operations that require laparotomy 
are now performed by operative laparoscopy. 
Presently gynaecologic laparoscopic surgery is 
performed for: (i) omental adhesiolysis omental 
resection; (ii) excision coagulation of endometrial 
implants; (iii) fimbrioplasty, salpingostomy, ovar- 
ian biopsy: (iv) excision/puncture of ovarian 
cysts; (vi) enucleation of myoma; (vii) repair of 
uterine perforations; (viii) aspiration of oocytes; 
(ix) biopsy of peritoneal deposits; (x) salapingo- 
SCOpy. 


With the advent of automatic carbondioxide 
pneumo-peritoneum and with the attached facil- 
ity of computer monitored simultaneous bio- 
chemical analysis of patient’s blood - the proce- 
dure can be carried out safely. The preparation 
of the patient is similar to that of laparotomy. 
2s LASER Surgery 
Either carbondioxide, argon or neodimium 
YAG is used in several gynaecological conditions, 
either directly or under endoscopic guidance. Of 
all these, the ideal is ND-YAG. but in gynaecology 
CO2 laser is the one most commonly used. It is 
comparatively cheaper, more convenient & safer. 
CO2 LASER vaporisation or LASER excision is 
the treatment of choice for vulval carcinoma-in- 
situ providing bloodless field, rapid healing, and 


negligible postoperative complications. LASER 
vaporisation of cervical CIN lesions is one of the 
important therapeutic modalities on out-patient 
basis. LASER excision of CONE for cervical in- 
traepithelial neoplasia can be done under operat- 
ing microscopic guidance. It results in superior 
success rate with minimal complications when 
compared to other modalities of treatment. Vagi- 
nal intra-epithelial neoplasia, vaginal condylo- 


mata, endometriosis, cysts, scars and other vul- . 


val lesions can be treated with laser with insig- 
nificant side effects. 


The CO2 LASER sysiem is superior for vapori- 
sation of tissue and for surgical incisions, 
whereas ND YAG is superior as coagulator. 
Combined together they are useful for selective 
vaporisation of recurrent carcinoma cervix/vault, 
metastatic deposits in vagina, sacrum and groin. 
The advent of HpD LASER photoradiation ther- 
apy is one of the hallmarks of latest technologies 
in invasive gynaecologic oncology. This system 
helps in selective destruction of tumour tissue 
and avoiding dangerous ill effects on normal 
cells. 


Introduction of LASER resectors has made it 
easier to carry out radical surgery in cases of vul- 
val and vaginal malignancies. Extensive tumour 
with lymphnode involvement can be operated 
upon by minimal touch LASER beam incision. 
For disseminated ovarian carcinoma HpD LASER 
photoradiation therapy is the most ideal (theo- 
retically speaking). Similarly all vascular tu- 
mours are best treated with LASER. 


For genital warts, CO, LASER is currently the 
best method (90%) effective. It ensures complete 
removal, eliminates causative virus in surround- 
ing epithelium and can be used in any site, with 
least scarring. 


CO, laser though laparoscope is most suitable 
for adhesiolysis, evaporation and aspiration of 
endometriosis. Removal of small fibromyoma, 
hydatid cysts, uterosacral ligament transection 
to relieve pelvis pain can all be carried out. 
Myomectomy and metroplasty are better done by 
CO, LASER incision through laparotomy or hys- 
teroscopy. Endometrial photovaporisation and 
photocoagulation both cause minimal morbidity 
with high success rate. Hormone assay Either 
radioreceptor or radioimmunoassay will enable 
the qualitative and quantitative estimation of 
hormones in blood circulation. The hormone 
profile forms a part of workup in several gynaeco- 
logical conditions like primary or secondary 


66 


amenorrhoea, galactorrhoea, infertility, prema- 
ture ovarian failure, intersex, hormone-produc- 
ing malignancies and ectopic pregnancies. 


6. Steroid Hormone Receptor in Gynaecologic 
Cancers 


Though there is difficully in assaying steroid 
receptors, their content in normal and malignant 
tissue can now be estimated. This enables study 
of the relevance of tumour biology to the clinical 
management of some malignant conditions. 
Those endometrial cancers which have little or 
no cytoplasmic estrogenic and/or cytoplasmic 
progesterone receptors have been associated with 
poor prognosis. Apart from prognostic signifi- 
cance the progesterone receptor status seems to 
be exceptionally accurate in terms of selecting 
patients who will respond to endocrine therapy 
and those who will not. In case of cervical cancer 
this has a role in identifying aggressive tumours 
and keeping a vigilant followup in such cases. 


New developments in receptor assays using 
highly specific antibodies and improvements in 
our understanding of the receptor mechanism 
and its relationship to other growth controls will 
surely add to the ullimate outcome. 


In vitro cell culture:- The availability of invitro 
cell culture and drug sensitivity in the modem 
era makes it easier to choose appropriate anti- 
malignant drug for a particular caner, avoiding 
unnecessary medication where drug resistance is 
a major limiting factor. On-going research and 
clinical trials in few cancer patients with the use 
of latest hybridoma monoclonal antibodies 
tagged with either antibiotics or chemotherapeu- 
lic agents and radiosotopes seems to be promis- 
ing. This forms one important milestone for the 
rapidly expanding field of immunotherapy. 


Antisense olignucleotides: This technology which 
is yet lo be studied in human oncology helps to 
block the proliferation of the malignant cells spe- 
cifically by inhibiting the protein synthesis at ri- 
bosome level. 

Ts Urinary Investigations 

Some of the advanced technologies in the di- 
agnosis and management of urinary incontinence 
in vogue are: urodynamic studies like cystome- 
iry, uroflowmetry (twin or single channel) de- 
trusor pressure monitors, video-cysto-urethro- 
graphy, electromyography urethral electric con- 
duction profile. All these are expensive & inva- 


sive investigations, but have a significant role in 
selecting patients for surgical corrections. In 
neuropathic incontinence a new device (A.M.S. 
800) i.e. artificial urinary sphincter is found to be 
very useful. As such it cannot be used widely 
due to its high cost (Rs. 52,000/-). Incontinence 
pants are also available, specially useful for geri- 
atric patients. 

8. vind VF AND, EF. 

In vitro fertilization and embryo transfer is a 
suilable method for treating tubal and idiopathic 
infertility. The success rates for oocyte pickup, 
fertilization and growth of embryos are close to 
90%. Currently pregnancies occur in 20% of pa- 
tients having oocyte pickup. Nevertheless three 
treatment cycles allow each patients a significant 
chance of childbirth. It is hoped that IVF & ET 
procedures will be improved and simplified so 
that other centres can easily copy the technique. 


Freeze thawing of the embryos may improve 
the efficiency of the procedures aS excess em- 
bryos obtained from a single laparoscopy may be 
used in subsequent cycles. 


Freeze thawing of oocyte may also facilitate 
donor oocyte or embryo transfer. Both have 
medico-legal implications. 

9; Microsurgery 

Basically microsurgery involves optical magni- 
fications, specialised surgical instruments, fine 
non-reactive sutures, minimal tissue trauma, 
precise anatomic dissection and careful place- 
ment of sutures. The essence of this technique 
is to minimise tissue damage, careful haemosta- 
sis, and constant irrigation to avoid dessication 
of the operative site. It is best suited for every 
form of tuboplasty including adhesiolysis, metro- 
plasty and conservative surgical measures for ec- 
topic pregnancy. There is a wide variety of oper- 
aling microscopes, microsurgical instruments, 
electro-surgery units, suture needle combina- 
tions, and ancilliary equipment such as suction/ 
irrigating devices, oviduct stabilising clamps and 
intraluminal probes and stents. Recently, hand 


held lasers, tissue-adhesive dispensers, and. 


tubal stapling devices for one step tubal anasta- 
mosis are available. Acsquisition of equipment 
should be based on need, functional design, du- 
rability and cost. 


10. Chorion Villus Sampling 


Enables obtainment of fetal cells as early as 7- 
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9 weeks of gestation. These cells can be either 
studied directly under microscope or cultured 
upto metaphase and studied in detail. A num- 
ber of chromosomal disorders, genetic disorders, 
and inborn errors of metabolism and haemo- 
globinopathies can be diagnosed in first trimester 
of pregnancy. Added to this the IMA technology 
(D.N.A. probe) is presently applied to study these 
abnormalities in greater detail. Technically, cho- 
rion villus biopsy is well established, and is 90% 
safe, so if any chromosomally abnormal preg- 
nancy is diagnosed, termination can be done in 
first trimester, safely. 
11. Amniocentesis 

Its role & safety in the diagnosis and manage- 
ment of normal & abnormal pregnancies is well 
established. It is done at 16-18 weeks gestation. 
Fetal cells and enzymes in the liquor are studied 
for detection of genetic abnormalities. In II tri- 
mester L/S ratio indicating pulmonary maturity, 
and bilirubin indicting severity of Rh isoimmuni- 
sation can be estimated in liquor amnii. Re- 
search is being done to treat IUGR and oligohy- 
dramnios by administration of albumin contain- 
ing solution. 


12. Fetoscopy 


Fetoscopy is a technique of direct visualization 
of fetus through endoscopy. It is used for prena- 
tal diagnosis of a large number of congenital ab- 
normalities and for fetal therapy in selected 
cases. Presently it is reserved for the identifica- 
tion of small discrete external structural abnor- 
malities and for obtaining fetal blood sample, 
through cordocentesis and skin biopsy that ex- 
press a specific genetic attribute not identifiable 
by biochemical or cytogenetic analysis of amnio- 
cytes or trophoblasts. Karyotyping from fetal 
lymphocytes takes only 3-4 days. Fetal anaemia 
due to severe Rh-iso immunisation is treated by 
transfusing matched blood; hypoalbuminemia of 
non-immune hydrops fetalis is corrected by di- 
rect infusion of albumin. In twin pregnancies in 
which only one fetus is congenitally malformed, 
selective foeticide by fetoscopic air embolism can 
be achieved. Direct access to the fetal circulation 
is an invaluable tool in the study of the physiol- 
ogy of the normal fetus and the pathophysiology 
of disease processes. 


Fetal Therapy- In a few cases of obstructive 
hydrocephalous and uropathy, fetal therapy has 
been undertaken by placement of ventriculo and 
vesicoamniotic shunts respectively. Fetal medi- 
cine is advanced to the extent of infusing cell 


precursors directly into fetal circulation for the 
correction of genetic disease. 
13. Amnioscopy 

Is visualisation of amniotic fluid vaginally 
through amnioscope. It is particularly useful for 
the diagnosis of placental insufficiency in high 
risk women. A minimum cervical dilation of 2 
cm is necessary to pass the amnioscope. Am- 
nioscope also helps in securing scalp electrodes 
on the fetal scalp and to obtain scalp blood for 
biochemical and gas analysis after the mem- 
branes are ruptured. 
14. Ambulatory tocodynamometry 

Domiciliary monitoring of uterine contractions 
is now possible with the availability of reliable, 
and simple ambulatory tocodynamometer. This 
technology contributes to the three critical areas 
of management in preterm labour (i) Screening of 


low risk women for the risk of preterm labour; (ii). 


early diagnosis of preterm labour in high risk 
women & thus (iii) early referral & treatment im- 
proving the outcome with tocolytic therapy. This 
needs patient eduction, availability of such costly 
equipment & communication system 


15. Cardiotocography 


Modern technology in management of labour 


in high risk mothers is cardiotocography. Fetal 
heart sounds are recorded by: (i) phonocardiogra- 
phy; (ii) ultrasound - in the form of doppler exter- 
nal/internal cardiotocography (iii) Electrocardi- 
ography - particularly in suspected cases of ar- 
rythmias of fetal heart. 


All these methods are combined with tocogra- 
phs, or tocodynamometers which record uterine 
pressure applied either externally or internally 
and the whole system is incorporated into twin 
channel recorder. 


There are now new systems available which 
offer the facility of radiotelemetry of fetal heart 
rate and uterine pressure to a distant monitor 
(50-100 meters distant) which helps in assess- 
ment of fetal condition remotely. 


For quantitative estimation of intrauterine 
pressure, different catheters are devised. Latest 
fibre-optic pressure transducer and another re- 
cent model-transducer tipped catheter are found 
to be very reliable but they are costly and cost ef- 
fective analysis is yet to be evaluated. 
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The advent of high capacity microcomputers 
which can be used in delivery rooms analyse the 
data given by cardiotocography in relation to the 
clinical outcome and management. 


Cardiotocography- based on Doppler principle 
has become the pivot upon which modern obstet- 
ric management of high risk pregnancies de- 
pends. Fetal heart monitoring by electronic 
cardiotocographs can be done either externally or 
internally; it may be continuous or intermittent. 
Different abnormal patterns seen are - early de- 
celeration, late deceleration, variable decelera- 
tion, sinusoidal fetal heart pattern, tachycardia/ 
bradycardia and other arrythmias. Foetal heart 
monitoring in pregnancy is done either by non- 
stress test or contraction, stress test; non reac- 
tive nonstress test, and positive stress test are 
indicative of foetal hypoxia. Continuous cardi- 
otocographic recording of fetal heart sounds dur- 
ing labour will enable the diagnosis of early foetal 
asphyxia and timely intervention. Electronic fe- 
tal monitoring has been shown to be significantly 
beneficial in the prevention of neonatal convul- 
sions in women at low risk of intrapartum fetal 
distress. 


Apart from this, fetal scalp pH blood gas 
analysis, quantitative estimation of lactate, py- 
ruvate, hypoxanthine, all add to the better as- 
sessment of fetal compromise and necessary in- 
tervention. 

16. Ultrasound 

Asonography is a noninvasive imaging tech- 
nique utilising acoustic waves similar to sonar. 
The latest model is Grey-scale type. For obstetric 
examination linear scanner is better particularly 
in the second and third trimesters. Ultrasonic 
study has revolutionised the field of investigative 
obstetrics because of its apparently innocuous 
effect on the fetus. It has, with few exceptions, 
replaced radiography in obstetrics. 


Notable accuracy is achievable in the assess- 
ment of gestational age of the fetus in the first 
half of the pregnancy, presence or absence of 
structural abnormalities, growth pattern and 
weight of the fetus, site, size and location of the 
placenta and, amount of liquor. 


The risks involved in several invasive proce- 
dures like chorion villus biopsy, amniocentesis, 
fetoscopy, intra-uterine transfusion, intra-uter- 
ine surgical correction of some of the fetal ana- 


molies have been reduced a lot when performed 
under ultrasonic guidance. Presently with the 
availability of B-mode realtime coupled with Dop- 
pler technique, the uterine and umbilical blood 
flow patterns which reflect fetoplacental function 
have been studied precisely. Introduction of M- 
mode has made structural and functional evalu- 
ation of cardiovascular system of the fetus pos- 
sible. . 


Apart from the above mentioned uses, ultra- 
sound is used for the evaluation of incompetent 
cervix, diagnosis & followup of hydatidiform 
mole, choriocarcinoma, threatened/missed abor- 
tion and pregnancy associated with pelvic tu- 
mour, CuT and [ibroid. 


In gynaecology sector, scanner is preferable, 
instead of the linear scanner which is suitable for 
obstetrics as it provides greater resolution of the 
pelvis. Presently the activity of resolution lies be- 
tween 0.5 and 1.0 mm. With pulse value tech- 
nique of U.S. the anatomic structures are identi- 
fied by measuring the time for the sound wave to 
reach the structure and return. With Doppler 
U.S. technique the frequency of returning sound 
echoes is analysed to determine the velocity of 
the moving structures and measurement of blood 
flow. This helps in diagnosis of deep vein throm- 
bosis of the leg. 


U.S. is very useful in predicting the response 
of ovaries to ovulation induction drugs like hu- 
man chorionic gonadotrophin injection, predict- 
ing timing of ovulation, and in prevention of hy- 
per stimulation syndrome. It has a significant 
role in deciding the timing of artificial insemina- 
tion. 


U.S. has been invaluable in indicating the 
time and in guiding the needle for oocyte retrieval 
for In-Vitro Fertilisation and has replaced laparo- 
scopy in most IVF Centres. 


Ultrasound is approximately 90% accurate in 
recognising the presence of a pelvic mass. It can 
distinguish between solid and cystic areas within 
the pelvic mass but cannot give the tissue diag- 
nosis. 


U.S. has helped in the evaluation of retroperi- 
toneal lymph nodes, presence or absence of 
metastatis in the other viscera, ascitis and renal 
involvement. Sonography is the method of 
choice to locate a missing intra-uterine contra- 
ceplive device. A few of the structural abnor- 
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malities of Mullarian system can be diagnosed by 
U/S alone. There are new transducers like 
transvaginal, transrectal and transvesical which 
are better for evaluation of ovaries and oocyte 
pick up. U.S. should be used as supplement to 
bimanual examination rather than a replacement 
for assessing pelvic masses. The simplest model 
with minimal ancillary attachments costs Rs. 3 
to 4 lakhs. The main danger of ultrasonography 
is that it can be overused to the detriment of 
clinical skill acquisition, maintenance, and the 
economics of the health care system. 

17. Computerized Tomography (C.T.) 

C.T. is a major advance in diagnostic imaging 
that provides detailed two dimensional images. 
This technique is excellent in discovering pelvic 
mass, extension of pelvic malignant disease into 
retroperitoneal fat, and enlarged lumph nodes 
(more than 2.0 cm). CT guided biopsy (percuta- 
neous needle biopsy) for tissue diagnosis will 
avoid laparotomy in many instances. CT scan is 
more useful to the clinician in terms of staging of 
malignant disease rather than diagnosis. In en- 
dometrial cancer CT scan is helpful in measuring 
the depth of myometrial invasion by the tumour 
tissue. One of the indications in gynaecology for 
CT scan is the assessment of a prolactin secret- 
ing microadenoma of pituitary gland. By using 
monoclonal antibody imaging, a normal sized 
lymphnode containing any tumor tissue can be 
identified. 


CT is an excellent technique to confirm the di- 
agnosis of ovarian vein thrombosis and missing 
IUCD (which is missed by U.S.). CT pelvimetry 
can also be done and is more accurate compared 
to X_ray pelvimetry. 


18. Magnetic Resonance Imaging (MRI) 


MRI has several distinct advantages over other 
forms of imaging. It does not use ionising radia- 
tion. MRI can differentiate normal tissue from 
malignant tissue and tissue with abnormal me- 
tabolism. This enables us to define the tumour 
margin; hence exact extent of the surgical re- 
moval of the tumour can be planned avoiding 
unnecessary extensive dissection. Endometrial 
invasion of choriocarcinoma can be exactly de- 
fined by MRI. MRI is most specific in the diagno- 
sis of conditions that are associated with oe- 
dema. It is found to be very valuable in estimat- 
ing the amount of blood flow through an organ 
and in turn the functional status of that organ. 


This principle enables the assessment of func- 
tional activity of ovaries in relation to different 
stages of follicular development. 


Role of MRI in obstetrics is rapidly expanding. 
Its indications are similar to that of U.S. Pelvime- 
try and evaluation of fetal organs - especially 
those which are poorly picked up by U.S., like 
lungs, are better assessed with MRI. MRI is 
found to be a better investigation for the study of 
placenta and internal organs of the fetus. MRI 
spectroscopy enables components of the body to 
be studied at molecular level. One of the most 
interesting applications of the MRI spectroscopy 
is the estimation of fetal cerebral energy metabo- 
lism, detection of fetal hypoxia and inborn errors 
of metabolism. 

19. Cervical Vibrators 

Electric motor-operated vibratory techniques 
with a frequency range from 73-102 Hertz is ap- 
plied to the cervix and so far it is found to be 
simple and acceptable to the patient. It is par- 
ticularly useful for ripening of cervix where pre- 
senting part is well applied to the cervix. 


20. Automatic infusion system: is devised for 
precise control of exogenous Syntocinon admini- 
stration to produce enough uterine contraction. 
This system includes intra uterine pressure 
monitor which in turn regulates rate of infusion 
of Syntocinon, to produce ideal types of uterine 
contractions. 


With the advent of these techniques it is now 
possible to avoid the inexorable risk of caesarean 
section rates due to dystocia. 
21. Labour Analgesia 

Today, labour pains can be relieved by differ- 
ent techniques of analgesia - which are well stan- 
dardised in many centres. Safe and effective re- 
lief of pain during labour and delivery is accom- 
plished by skillful use of epidural analgesia. The 
development of continuous infusion epidural an- 
algesia results in continuous pain relief, and 
thus in pain free joyous and memorable child- 
birth without lasting stigma of fear and pain. 


Transcutaneous electrical nerve stimulation 
(TENS) marketed as obstetric pulsor - is one of 
the methods available today to alleviate labour 
pains. Its analgesic effect is not as good as ep- 
idural analgesia or narcotic analgesics but it has 
the advantage of having no side effects on the 
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fetus and mother. Inconsistent reports exist that 
TENS reduces the duration of labour and inci- 
dence of operative deliveries. It is very simple to 
use. Imported models cost around Rs. 12,000/-. 
In our country the simpler models are available 
costing about Rs. 2000/-. Very recently it has 
been shown to produce rhythmic uterine con- 
tractions. Possibility of it being used for induc- 
tion of labour exists. Its role in post operative 
incisional pain is well documented. 


22. Modification in vaccum extraction models 


- Soft cup (Takashi Kobayashi) 

- O’ Neil modification: A new method of traction 
for the vaccum cup which allows the direction of 
pull to be in the curve of the birth canal is par- 
ticularly useful in those deliveries, where the ver- 
tex is in the midpelvis. Instead of metal cups, 
now, several others, made up of plastic with 
brush border, are available in order to minimise 
trauma to fetal scalp. 


23. Newer Instruments for the Gynaecologist 


A. Out Patient Surgery: 

1. Very small biopsy forceps with DISPOS- 
ABLE SHARPJAWS (3,4,5, mm size) for vulval 
and cervical biopsies. 


2. MASTERSON Endometrial biopsy kit 
(2,3,4,mm size) with a malleable aspirating cu- 
rette attached to manually operated vaccum 
source. 


3. Disias endocervical curette - operated with 
a vaccum hand pump- produces an excellent 
specimen and probably will become the standard 
endocervical curette. 


4. Gynecyte endometrial sampler appears to 
detect 90% of existing endometrial cancer- from 
cost-effective point of view, this may became the 
method of choice (cytologic) for routine screening 
of low risk patients. 


2. Silastic bands and clips and various quali- 
ties of electric current have been used to mini- 
mise injury to adjacent organs and the puncture 
site in tubal sterilisation. 


6. Water's cautery unit incorporates a safer 
method of applying heat. This virtually elimi- 
nates the possibility of electric current transmis- 
sion. 


BOP Patient Surgery: The technological devel- 
opments in important gynaecological surgery 
have occured primarily in the refinement of tech- 
niques, instruments and closure materials and 
devices. New synthetic absorbable material with 
prolonged tissue strength, Polydexanon (PDF), is 
available being three times stronger than any 
available suture material. Syncare stapler using 
absorbable staplers and clips - is a new addition 
to closure methods; steel staples are best suited 
for bowel anastomosis. Fibreglass stirrups with 
no pressure points are in use today to prevent 
patient injury, 
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Automated Obstetrics Dopple 


Data on umbilical artery and uterine artery flow is now readily usable, with fast and reproducible 
analysis of doppler signals in a specialised software. This has made possible, automatic final data to 
be available to the obstetrician without cumbersome calculations or cursor manipulations. 


The device is particularly useful for the obstetrician to take timely decision in compromised pregnan- 
cies associated with pregnancy-induced hypertension; compromised blood supply can be diagnosed 


eight weeks sooner than with conventional techniques. 


With increasing incidence of elderly primis, 


etc. especially in urban areas, timely action with the help of such devices could make all the differ- 
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12. Cervical Incompetence 
Assessment by Ultrasound techniques 


A. EI-Rass* 


It has been estimated that cervical incompe- 
tence is the cause of up to one fifth of all late 
abortions. Methods other than ultrasound 
can be used for testing or demonstrating de- 
fects of the internal cervical os in nonpregnant 
women. This is done either by hysterogram or 
by passing a Hegar’s dilator. However, none of 
these methods can be used during pregnancy. 


Intensive ullrasound studies of the internal cer- 
vical os have been carried out by several investi- 
gators, with some authors documenting active 
intervention based on clinical and ultrasonic as- 
sessment [4-10]. 


Views differ greatly on when the internal os 
should be considered incompetent. Mahran [5] 
suggested that an internal os measuring 15 mm 
or more during the first trimeter, or 20mm or 
more during the second, be considered incompe- 
tent. Lumbroso [10] considered an internal os 
larger than 20mm as abnormal. Lewin reported 
that cervical incompetence can be diagnosed 
when the internal os is 24 mm or wider. 


All these and other studies were performed on 
pregnant women. Reports regarding ultrasound 
study of the internal os in the nonpregnant state 
are lacking. 


Measurement in the nonpregnant state 


A study was undertaken at El-Fahd Polyclinic 
in Jeddah to measure the internal os during the 
nonpregnant state in women with a history of re- 
peated late abortions. 


Localization of the region of the internal os 
was made by longitudinal scan after Mahran’s 


technique [5]. Using the full-bladder technique 
and avoiding overdistention, the angle between 
the bladder and the vault is used as a marker at 
the level of the internal os. The cervical region is 
scanned longitudinally at very close spacing, Le., 
every few millimetres, until the widest anteropos- 
terior diameter is obtained for measurement 


Results 


Diameter of the internal os was measured in 
56 patients with a history of repeated abortions 
as the control group. 


Mean diameter of the internal os in the group 
with repeated abortion was 10.63+ 2.99 mm. 
Frequency of measurements obtained in this 
group is shown in fig.1 Mean diameter in the 
control group was 8.03 + 1.16 mm, and the fre- 
quency for this group is presented in fig. 2. 


As can be seen, the mean diameter of the 
internal os in the repeat aborters was larger by 
2.03 mm than in the control group. This differ- 
ence was found to be statistically highly signifi- 
cant (p<0.001). 


Comparison of the diameter of the internal os 
in the two groups (Fig. 3) shows a normal distri- 
bution with a central tendency at 8 mm. The 
curve of the repeat aborters exhibits a distinct 
shift to the right, which denotes the difference 
between diameters. 


Adding two standard deviations to the mean 
diameter of the control group (8.3 + 1.16 mm ) 
gives a figure of 10.3 mm, which is considered as 
the upper*limit of normal in our study. Since the 
electronic caliper of the ultrasound machines 
used in the study does not measure fractions of 
millimetres, it seems reasonable to round this 
figure to 10mm and take that as the upper limit 
for an internal os to be regarded as competent. 
It follows that any internal os measuring more 
than 10mm in the nonpregnant state is consid- 
ered incompetent. 


Applying this rule, we found 39 percent of the 
patients with repeated abortions to have an 
internal os diameter exceeding 10mm. Hence 
they were assessed as having incompetent cervi- 
ccs. 


ee Ae gg a ee ee, ee 
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Reprinted with permission from medical focus 2/1987, pp 22-23. 


However, this does not mean that every inter- 
nal os wider than 10mm leads to repeated late 
abortions, since 3 women (10 percent) in the con- 
trol group with the cervical diameter of more 
than 10mm had no history of abortion. In at 
least 10 percent of the cases with repeated abor- 
tions, therefore, an internal os exceeding 10 mm 
was not the cause of abortion, whereas in the 
remaining 29 percent the incompetent internal 
os was the probable cause. 


Comparison 


Unfortunately, comparison between the inter- 
nal os measurements obtained in the present 
study and those mentioned previously is not pos- 
sible, since the bases are too different. In our re- 
ported study, measurements were made on 
nonpregnant patients, while in the previous 
studies the test subjects were pregnant. 


In the earlier studies [11, 12] 4 mm and 8mm 
were suggested respectively as the upper limits of 
a normal diameter of the internal os in nonpreg- 
nant women. 


Compared with these figures, we found that 
the upper limit of 100mm proposed in our study 
is substantially higher. This is actually due to 
two factors: the first is that our test subjects 
were mulliparous women, which in itself results 
in increased diameter of the internal os; the sec- 
ond is that the previous measurement was made 
ultrasonically. 


Based on the results of our study as reported 
and the data published, an internal os wider 
than 10mm when measured by ultrasound in the 
nonpregnant state is considered patulous. In 
this regard, ultrasound may be considered an 
important and valuable tool in the assessment of 
cervical incompetence. 
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Transvaginal Ultrasound Probe 


Ultrasound diagnosis is increasingly popular as a safe, non-invasive procedure. To increase the scope 
of use of an ultrasound system, a transvaginal 5MHz phased array sector probe has been devised, 
which increases the applicability of existing ultrasound equipment without need for modification. 
With this new device, it is possible to detect very early gestation, monitor size and number of ovarian 
follicles, rule out ectopic pregnancies, general pelvic scan and screen for cancer. Aspiration/ biopsy 
procedures can also be performed with an optional integrated biopsy catheter. The implications of the 
device for increasingly safe non-invasive gynaecological procedures, are obvious. 


Ref: medical focus 1/1987, pp 44 
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surgery 


13.Present and Future Per- 
spectives of Application and 
Utilisation of Modern Tech- 
nology in Cardio-Thoracic 
and Vascular Surgery 


DOR. Gupla 
I Introduction 


A revolution is going on in medical technology. 
In the last three decades, there has been a tre- 
mendous advancement in medical technology in 
relation to cardio-thoracic and vascular surgery. 
As health administrators, it is not only essential 
to know the various technical advancements 
which are presently being used in this field, but 
also it is important to be aware of the present 
and future perspectives of application and utili- 
zation of this technology in view of the prohibi- 
tively high cost of these equipments. In the 
changing era of science some of these costly 
technology will soon get outdated in the near fu- 
ture, making these equipments of little use and 
these will be only lying as junk. 


Progress in diagnostic technology is not a 
question of constantly overcoming technical diffi- 
culties, nor is it meant to serve the self satisfac- 
tion of doctors, but rather it must achieve greater 
benefit for the patient. 


I = Technology in Cardio-thoracic and 
Vascular Surgery 


i Tomography 


This was used in the past as a very useful 


method to locate the position of any lesion in the 
lung in relation to chest wall. Since the advent 
of C.T. scan, its use has become rather limited. 


a C.A.T scan of Chest 


C.A.T scan is a revolutionary tool, because it 
reveals soft tissue abnormalities such as tumors. 
This is a very important investigation for locating 
any lesion in the lung and its relation to various 
structures. It also indicates the presence of fluid 
or solid material in lung or pleural lesions. Some 
of the lesions which are rather small to be seen 
on the chest X-ray are better seen on the chest 
CT Scan and hence helps in making early diag- 
nosis of chest lesions. By giving contrast injec- 
tions and doing plain & enhanced scans, one can 
study the vascularity of a lesion. 


3. Nuclear Magnetic Resonance - NMR 


The newest tool science has produced for 
peering into the human body is the NMR Scan- 
ner, or nuclear magnetic resonance. It is consid- 
ered to be even more revolutionary than the 
C.A.T. Scanner. It can see through bones, mak- 
ing its especially useful for the base of the brain 
and spinal column. NMR may eliminate the need 
for exploratory surgery in some patients. A ma- 
jor difference is that NMR, unlike CAT, does not 
use ionizing radiation. NMR draws information 
from the human body through a huge and pow- 
erful magnet, with 5000 to 20,000 times the 
earth’s magnetic force. 


The patient is placed into the doughnut 
shaped magnet, inside which is a circular coil. A 
certain level of radio frequency signal is put into 
the coil - an exact frequency that will attract a 
specific group of atoms in the patient’s body. 
The NMR image makes use of body’s hydrogen 
atoms. About one percent of the body's hydrogen 
atoms turn in the direction of the magnet. Then 
the radio frequency jostles them and they realign 
this time giving off energy in the form of a radio- 
wave, which is converted to an electrical signal, 
amplified, and then processed through a com- 
puter. 


4. Endoscopy Procedures 


Rigid endoscopes with fiber optic light carrier 


er ee a 
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using Hopkins Rod Lens System, have been used 
for diagnostic procedures in esophageal and 
bronchial diseases. The commonly used scopes 
are of Storz Co (West Germany). 


Presently the scopes that are used are flexible 
endoscopes. (Olympus, Pentax, Machida etc) 
With the help of these scopes, we can easily ex- 
amine the tracheo-bronchial tree, esophagus, 
stomach, duodenum, etc., more completely. 
Washings can be collected and biopsy can be 
taken. Even transbronchial lung biopsy can be 
taken through the bronchoscope using special 
biopsy needles. For removal of foreign bodies 
and for diagnostic bronchoscopy in infants, one 
will still use rigid paediatric scopes. 


Proper maintenance and use of these instru- 
ments is very necessary as the glass fibres can 
get easily broken, and repair and replacement is 
rather costly. 

Lat Pulmonary Function Tests 

Sophisticated computerised machines are 
available for doing pulmonary function tests. 
One can do ventilation and diffusion studies to 
find out the hemodynamic abnormalities pro- 
duced in various lung diseases, pulmonary em- 
bolism, etc. 

6. Double Lumen Endo-Bronchial Tubes 


These are useful for doing pulmonary function 
tests of each lung separately. 


During lung surgery, where the secretions are 
present, the use of these tubes is a tremendous 
help as these prevent spilling over of secretions 
from one side to the other. The commonly used 
tubes are either Robert Shaw, Carlens or White's. 
There are separate tubes for right and left lungs. 
The following are the indications for one lung an- 
aesthesia with double lumen endobronchial 
tubes. 


a. Prevent contamination of non operated 
lung. 

b. Allow unilateral positive pressure ventila- 
tion 

i Facilitate surgical exposure. 

d. Unilateral lavage for alveolar proteinosis 


a Mechanical Ventilators 


The objective of mechanical ventilation is to 
provide, though manipulation of airway pres- 
Sures, alveolar minute ventilation which is ade- 
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quate both in amount and distribution. These 
manipulations usually include both inspiratory 
and expiratory manoeuvres. In most circum- 
stances, an increase in minute alveolar ventila- 
tion will result in more efficient gas exchange. 
The recent explosive increase in use of mechani- 
cal ventilators has resulted from a combination 
of circumstances. 

a. More extensive major operative procedures 
and more poor risk surgical patients who require 
post-operative ventilatory support. 


b. Early recognition of impending respiratory 
failure. 
C The concept that post-operative and post- 


traumatic respiratory failure can be minimized or 
prevented by aggressive early institution of air- 
way pressure therapy. 


Improved technology and increased under- 
standing of pathophysiologic mechanism that 
underlie ventilating and respiratory failure have 
made therapeutic advances possible in the treat- 
ment of patients needing intensive respiratory 
care. 


Classification of Mechanical Ventilators 


Function Ventilator 


iy, Lime: Cycled Air Schields 
(ii) 
a) 
b) 


Pressure Cycled 
Flow adjustable 
Flow sensitive, 
Time cycled control 


Bird Mark 7, 8 
Bennett PR-2 


(iii) Volume cycled Engstrom 300 
Emerson’ 
Bennett MA-1 
Bourns Bear 2 
Ohio Critical care 
Siemens Servo 


ventilator 


Most commonly used ventilators are volume 
cycled ventilators as these deliver a preset vol- 
ume in the lungs even in cases with high airway 
resistance. 

8. Esophageal Manometry 

The measurement of intraluminal pressures 
within the esophagus has become an important 
and reliable diagnostic technique in the evalu- 
ation of esophageal disease, particularly those 
characterized by anomalies of esophageal motil- 
ily. Manometric studies are performed using sSa- 


line filled polyethylene or PVC tubes with open 
end latefal orifices. Usually the assembly con- 
sists of three to four tubes with orifices spaced 5 
cms apart and connected to strain guage ma- 
nometers. The pressure changes are recorded 
graphically by an appropriate recorder. Tests 
which are done are - 


(a) PH reflux test 


(b) Acid Cleansing test 

(c) Acid Perfusion test 

(d) Potential difference determination. 
9. Esophageal Scanning Studies 


~Technetium-99m scanning has been used to 
identify mucosal change in patients with 
Barrett’s Esophagus and to diagnose tumors of 
esophagus. It has been suggested that (Tc 99) 
scanning is a safe and sensitive noninvasive 
method of detecting and quantifying gastro-eso- 
phageal reflux. 
10. Dilatation of Esophageal Structures 

The various dilatation techniques which are 
used are- 
(a) Hurst mercury bougies 


(b) Maloney bougies 
(c) Eder Puestow Olive tipped flexible bougies 
(d) Balloon dilatation of esophageal stricture 


using Bard Baloon dilators. 


This is the best and the latest technique for 
dilating the strictures under vision. The balloon 
catheter goes through the biopsy channel of the 
G.1.F. Q gastroscope and the balloon is placed in 
position through the narrowed orifice of the stric- 
ture and inflated with water upto 30 cc gradu- 
ally, thus dilating the stricture upto 15 - 18 
mms. 
11. Diaphragmatic Pacing 

The first use of electricity to stimulate respira- 
tion in humans is credited to Christopher 
Huleland, who in 1783 proposed this technique 
for treatment of asphyxia neonatorum. Begin- 
ning in late 1950, Glenn and associates have ac- 
tively pursued the development of clinical appli- 
cation of chronic diaphragm pacing using radio 
frequency signals to stimulate phrenic nerves 
through intact skin. 


The only commercially available diaphragm 
pacer is made by Avery Laboratory, located in 
Farmingdale NewYork and consists of four ‘com- 
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ponents. Two of these components, the trans- 
miiter and the antenna are extra-corporeal, the 
other two, the receiver and the electrode assem- 
bly are implanted. 


Diaphragm pacing can support a patient’s res- 
piratory needs only if there is a normal dia- 
phragm to contract, expanding lung parenchyma 
that is capable of satisfactory ventilation, and al- 
veolar capillary gas exchange. Pacing is therefore 
contra-indicated in cases of diaphragmatic pa- 
ralysis resulting from- 


(a) Destruction of the anterior horn cells at the 
level of 3rd, 4th and 5th cervical vertebrae, 

(b) Damage to the peripheral neurons of the 
phrenic nerve. 

(c) Impaired diaphragmatic function secondary 
to atrophy, eventration, myositis and muscular 
dystrophy; or 

(d) Severe damage to the pulmonary paren- 
chyma such that voluntary hyperventilation does 
not result in an improvement in arterial pO2 or 
pCO2. 


Specific Indications 


(a) 


Central Alveolar hypoventilation. 


(b) Chronic Obstructive Pulmonary disease. 
(c) Pathologic lesions of the Brain stem. 
12. Angelchic Prosthesis for Repair of Hiatus 


Hernia 


This is a silicone gel-filled circular device with 
tapes at the ends to put around the cardio eso- 
phageal junction to prevent reflux in cases of 
hiatus hernia. Though it is a costly device, it has 
found tremendous use in recurrent hiatus hernia 
cases. 


13. Pleuro Jugular Shunts 


In cases of malignant pleural effusion and 
cases of fibroma or mesothelioma of pleura, 
where surgery is not possible due to other 
causes, silicone shunts are used so that the fluid 
from the pleural cavity goes into the jugular vein 
and in the systemic circulation, thus avoiding 
dyspnoea and massive collection of fluid in pleu- 
ral cavity. These shunts have a one-way valve 
incorporated and lie in the subcutaneous {un- 
nel. 


14. Endoscopic Ultrasonography 


The introduction of Endoluminal Ultra- 


sonography via fiberoptic endoscope, crealed a 
new diagnostic aspect for the examination of hol- 
low organs. Unlike ultrasonography, endos- 
onography provides a cross-sectional view of the 
various wall layers and the adjacent structures. 
Endosonography is not impeded by “ultrasound 
barriers", such as_ air or bone structures. Fur- 
(thermore owing to the small distance to the tar- 
get organ, high ultrasound frequencies may be 
used, resulting in high resolution of the “endos- 
onographic” image. 


Endosonography is performed with an echoen- 
doscope, which possesses side viewing optics and 
an echoprobe at its tip. The echoprobe is typi- 
cally surrounded by a balloon, which may be 
filled with water in order to exclude air from 
around the probe and to position the endoscope 
in the center of the lumen. The cross-sectional 
examination of the esophageal wall permits the 
differentiation of five layers. 


In summary, endosonography may become a 


valuable tool in the early preoperative staging of © 


esophageal carcinoma, providing precise infor- 
mation on the extent of the tumor and the degree 
of para esophageal invasion, and permitting dif- 
ferentiation from other mediastinal masses. 


15. Angioscopy 


The advent of an ultra-thin fiberoptic instru- 
ment and new optical techniques for more accu- 
rate diagnostic and therapeutic approach to the 
blood vessel are now possible. At present, flex- 
ible optical scopes with multiple channels and 
outer diameters of 1.5 and 2.8 mms are available 
for viewing or performing procedures under di- 
rect vision. 

Angioscopy provides- 

(a) distinct visualization of various occlusive 
diseases such as thrombus (fresh or organised), 
atheroma or ulcerated plaque. 

(b) assessment for operative decision making 
and improved quality of surgery 

(c) detection of unsuspected intimal flap or 
clot after completion of a procedure that prevents 
thrombus formation in bypass surgery. 

(d) Possibilities of intraluminal manipulation 
such as valvulotomy and laser recanalization etc. 


16. Balloon Angioplasty 


Percutaneous balloon angioplasty is an estab- 
lished technique for treating selected patients 
with arterial disease. The ideal case is an iso- 
lated stenosis. Success rate in such cases is 


78 


about 75% in femoro-popliteal occlusion. This 
technique is now being used for coronary artery 
blocks and is called coronary angioplasty (PTCA - 


Perculaneous transluminal coronary 
angioplasty). 
17. LASER Angioplasty 


A laser catheter is used adjunctively with bal- 
loon angioplasty in totally blocked atherosclerotic 
lesions of peripheral arteries and coronary arter- 
ies. The device bores through difficult lesions 
with a heated metal sapphire tip and avoids the 
risk of direct beam delivery which causes perfo- 
ration of the vessel. In future, this will be used 
frequently for coronary angioplasty when better 
tips and catheters are available for delivery of la- 
ser energy only to the plaque. 


Lasers have been used in arterial surgery ex- 
perimentally and in clinical practice principally 
in techniques with microvascular anastomosis 
and recanalisation of athero-sclerotic vessels. In 
microvascular anastomosis, spot welds can be 
made joining small vessels of 1mm or less in di- 
ameter or by coagulating collagen or blood 
around the weld to act as a support. 


With blocked arteries in arteriosclerosis it has 
been shown that athero-sclerotic plaque can be 
vaporised with various lasers, a technique that is 
especially effective when the plaque is mainly 
composed of cholesterol. Calcified plaque is 
more difficult to remove. The technique differs 
from endarterectomy, where plaque and occlud- 
ing thrombus are removed surgically. 


Several clinical studies have been made using 
neodymium yttrium aluminium garnet (YAG) or 
argon lasers to racanalise occluded femoral ar- 
teries. The failure rate seems higher than that of 
surgical methods, either because of failure to va- 
porise calcified plaque or because of immediate 
thrombosis. Perforation of the artery is the main 
complication. The effect of vaporised plaque de- 
bris on the peripheral vascular bed seems to be 
minimal but may depend on the quantity of the 
plaque treated. 


So far the results do not compare favorably 
with established methods of treatment by sur- 
gery or, indeed, by balloon angioplasty. There 
may however, be a place for a combination of 
percutaneous laser treatment with balloon 
angioplasty, with the obvious advantage that pa- 
tients do not need to have surgery. 


18. Doppler Mapping of Blood Vessels. 
# 

With the advent of colour doppler the flow 
through the various vessels can be depicted 
along with the blocks, if any present in them. 
This is very useful in clearly delineating the anat- 
omy and flow in carolid arteries and the periph- 
eral vessels, thus avoiding the need for angiogra- 
phy. The combination of B-mode and pulsed 
doppler ultrasound is also suited to map and 
quantily occlusive lesions from the aorta down to 
the proximal calf arteries with an accuracy simi- 
lar to arteriography. These are now applied to 
intestinal and renal arteries also. 

19. The Vascular Laboratory - Advances in 
~~ noninvasive techniques 


Recent advances in technology have further 
increased the diagnostic potential of the noninva- 
sive vascular laboratory. They include measure- 
ment of transcutaneous oxygen pressure, laser 
Doppler flowmetry and intravital microscopy with 
and without the use of flourescent dyes for ana- 
lyzing hemodynamics of the skin and microvas- 
cular morphology, capillary flow velocity and 
transcapillary exchange of solutes. 

20. Heparinised Shunts for Thoracic Vascular 
Operations 


The introduction of polymers with wall-bonded 
heparin allowed for the introduction of a tempo- 
rary tube shunt system, that can be employed in 
a safe manner. The first by-pass shunt with a 
wall-bonded heparin was a polyvinyl tubing with 
a graphile surface that was subsequently im- 
mersed in benzalkonium chloride and then in 
heparin. Subsequently an improved heparinised 
surface was developed by polymer chemists at 
the Battelle Columbus Laboratories and this 
coating is called the TDMAC - heparin surface. 
This obviates the use of systemic heparinization 
during surgery. 

Indications 

(i) Aneurysm or trauma involving descending 
thoracic aorta 

(ii) Patients requiring an operative procedure on 
the innominate artery. 

(iii) Atypical coarctation of aorta proximal to or 
involving the left subclavian artery. 

(iv) Resection of aneurysm of the upper aspect 
of abdominal aorta. 

(v) Carotid endarterectomy. 


21.Auto Transfusion 


In cases of aneurysm of aorta, the blood dur- 


ing surgery is collected by the suction tube, fil- 
tered and after proper anticoagulation is retrans- 
fused to the patient during surgery, thus de- 
creasing the need for blood from blood banks. 
This is a very safe procedure and lot of such con- 
tainers ready for use are available in the market. 
22. Embolectomy Catheters 

Fogarty Embolectomy Catheters are used to 
remove clots from peripheral vessels. These are 
of great use for saving an ischaemic limb with re- 
cent embolic episode. 
23. 


Vascular Grafts for Bypass of Small Caliber 
Arteries 


The standard for coronary bypass is now 
clearly the autogenous internal mammary artery 
(IMA). Complete revascularization of the left ven- 
tricle can be attained in most cases using IMA 
and Saphenous vein as sequential anastomosis. 


Properly preclotted, non-crimped, externally 
supported Dacron grafts with an external velour 
surface merit consideration as the standard for 
axillofemoral bypass. The limitation of this graft 
is iis dependence on a precise technique of pre- 
clotting to transform the Dacron frame. work into 
a bio-synthetic complex of dethrombinated fibrin 
and Dacron. 


The autogenous saphenous vein is clearly the 
standard for below-knee bypass. However, for 
above knee femoropopliteal bypass, the results 
obtained with Polytetra flouroethylene, (GoreTex), 
umbilical vein, and externally supported non- 
crimped Dacron prosthesis are sufficiently com- 
petitive with the results obtained with saphenous 
vein to make their use as an acceptable option in 
the above knee location. The saphenous vein is, 
thus saved for use in the more demanding below 
knee location such as femoropopliteal, femorotib- 
ial, or femoroperoneal bypass. 


Whether Dacron, Teflon or PTFE, none of the 
the prostheses developed has been totally free of 
deterioration. 


24. Cardiac Catheterization and various proce- 
| dures done in Cardiac Cath Laboratory 
a. Right Heart Catheterization 


Under sterile conditions, a plastic radiopaque 
catheter is inserted in the right atrium though a 
peripheral vein (brachial or saphenous). Cathe- 
ters are available in different sizes and models 


depending on the procedure or the caliber of the 
vessel. Pressures are best recorded with open 
end catheters, while for angiography closed-end 
catheters are used to prevent recoil and intramu- 
ral injection of contrast material. This helps to 
find oul pressures in various chambers and to 
calculate cardiac output, systemic flow, pulmo- 
nary flow and pulmonary vascular resistance. 


b. Left Heart Catheterization 


In this the catheter is placed from a peripheral 
artery and is carried across the aortic valve into 
the left ventricle, thus recording pressures and 
doing angio-cardiography. Special catheters are 
being used nowadays for coronary angiography, 
coronary balloon angioplasty, etc. 


The various procedures which can be done 
during cardiac catheterization are as follows - 
- Recording of pressures. 
- Calculation of flows. 
- Calculation of valve areas. 
- Indicator dilution techniques. 
-  Intracardiac Phonocardiography 
- Intracardiac Electrocardiography 
- Bundle of His Electrocardiography 
- Calculation of myocardial wall tension 
and myocardial oxygen consumption 
- Angio Cardiography 
- Selective Angiocardiography and coro- 
nary angiography. 


cH Cryosurgical Ablation of the A.V. node His 
Bundle-A new method for producing A.V. 
Block 
C.C.S - 100 cardiac cryosurgical system al- 
lows the surgeon to control temperatures to -60° 
c. This is used for controlling A-V node reentry, 
WPW syndrome, venticular tachycardia and ven- 
tricular fibrillation. A potential apnlication of the 
cryosurgical technique might be abiation of sites 
of dysrrhythmias (i.e. ectopic foci, re-entry cir- 
cuils, accessory pathways). 
25. Non-Invasive Technique to Diagnose Car- 
diac Diseases 


(a) Echocardiography 


Safest and a very reliable method to find out 
presence of pericardial effusion and thickening, 
enlargement of cardiac chambers, presence of 
clots in the heart, for finding out the size of vari- 
ous valves, and calcification of valves. This is a 
very important non-invasive method which tells 
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about the myocardial thickness and areas of hy- 
pokinesia, akinesia and venticular aneurysm. 


(b) Tread Mill Test 

Continuous electro-cardiogram is taken while 
patient moves on a treadmill which has comput- 
erized measurement of exercise given,heart rate, 
blood pressure and ECG. By this test one can 
find out the occult coronary artery disease. 

(c) Holter Monitoring 

A recorder is put on the patient and ECG 
leads are connected. The patient performs all his 
aclivilies and for 24 hours, the ECG is continu- 
ously being recorded. A computer does the 
analysis of all the beats and indicates regarding 
ectopics, bradycardia, tachycardia etc. This test 
is very useful in diagnosing patients with sick si- 
nus syndrome, brady-tachy-arrhythmias etc. 


(2) Thallium Scan 


This shows the myocardial uptake of the radio 
nucleotide during various phases of the cardiac 
cycle. The pictures of heart are taken during 
systole and diastole, during rest and exercise and 
thus one can calculate the ejection fraction and 
clearly delineate the areas of poorly or non-func- 
tioning myocardium as opposed to normally con- 
tracting heart muscle. 

26. Cardio Pulmonary Bypass 
This is a technique by which the pumping ac- 
tion of the heart and gas exchange functions of 
the lung are temporarily replaced by a mechani- 
cal device, the pump oxygenator attached to the 
vascular system of the patient. Cardiopulmonary 
bypass using hypothermia has become an indis- 
pensable technique for most kinds of cardiac 
surgery today. The apparatus available for 
cardio pulmonary bypass changes continuously 
but some general points are important- 

- Venous reservoir 

: Oxygenator- Bubble or Membrane type. 

- Efficient heat exchange 

- Arterial pump 

- Arterial line pressure. 

- Arterial bubble trap 

- Low Porosity arterial filter 

- Cardiotomy Suction Lines. 


The pump oxygenator is designed to minimize 
priming volume. 


27. Intra Aortic Balloon Pump(IABP) 
# 


IABP counterpulsation, by putting a balloon 
catheter in descending aorta and synchronizing 
its deflation and inflation during systole and di- 
astole has been used in the treatment of cardio- 
genic shock as a temporary cardiac supportive 
measure. Recent developments in the technique 
of introduction of the Intra Aortic Balloon Cathe- 
ter have led to significantly fewer complications 
and an increased success rate for insertion. 


Continued research and development of im- 
proved mechanical circulatory assistance devices 
is required to achieve an ideal device. Some of 
the criteria for an ideal mechanical circulatory 
support device are as [follows- 


(i) | Hemodynamic effectiveness 
a) Reduction of myocardial oxygen consump- 
tion by decreasing preload and after load 


b) Augmentation of cardiac output. 

c) Augmentation of coronary blood flow 

(ii) Minimal invasiveness and comfort for pa- 
tient. 

(iii) Safety 

(iv) Ease of application and operation. 

(v) Transportability 


(vi) Effectiveness and safety for prolonged use 
(vii) Lack of requirement for continuous hepar- 
inization. 

(viii) Reasonable cost. 


Unquestionably, continued improvement and 
progress can be expected in the future.  Pro- 
longed circulatory support and perhaps, eventu- 
ally, total artificial heart function may well be the 
major objectives of future progress in the field of 
circulatory assistance. 


28. Artificial Prosthetic Valves 


Various types of valves are available in the 
market for replacement of diseased calcified in- 
competent cardiac valves. These are of 3 types - 
a. Homologous Valves - made from pericar- 

dium or fascialata and supported on a stent 


Heterologous Valves - Valves derived from 
sheep or calves, sterilized and supported on 
stent 


c. Prosthetic Valves - Valves made Of si- 
lastic, carbon, graphite, and ring stents 
made of titanium. These are of two types (a) 
central flow (b) peripheral flow 
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The valves can be either made in Ball and 
Cage type or tilting disc type. Ideal valve is not 
yet available. The various valves which are avail- 
able in the market are Star Edwards, Bjork 
Shiley, Carpentier Edwards, Hancock Porcein 
Prosthesis. The most important complication of 
these valves are (a) Thrombogenicily and embolic 
complications, (b) Infection, leading to bacterial 
endocarditis, (c) wear and tear and fatigue of ma- 
terial, giving rise to valvular incompetence and 
periprosthetic leaks, etc. 


29. Artificial Heart 


Development of a total artificial heart or left 
ventricular assist device would have obvious 
clinical usefulness, as a definitive treatment for 
end-stage heart disease when all other modalities 
fail. In addition to problems of pump design and 
energy supply, the artificial heart offers a large 
thrombogenic surface to the blood. With ad- 
vances in design and development of less throm- 
bogenic materials, the goal of a total artificial 
heart or a left ventricular assist device is closer 
to being reached. Recently such left ventricular 
assist devices have been used in patients for 3-4 
days to support them. 


A challenge for the future is to design a total 
artificial heart with flow characteristics and 
blood compatibility that will permit long term 
application in man. 

30. Cardiac Pace Makers 

This is a device which is used to give an im- 
pulse to the heart when it misses a beat. There 
are two types of pace-makers (a) External or 
Temporary (b) Permanent. 


In external pacing the lead is placed percuta- 
neous tranvenously in the right ventricular apex 
and connected to externally placed pulse genera- 
tor. In permanent pacing, the pulse generator, 
which is about 40-50 gms is put in a subcutane- 
ous pocket in the pectoral region and connected 
to the lead. 


Pacemakers can work at fixed rate or demand 
mode. Most of those used nowadays are demand 
pacemakers, stimulating the right ventricle. In 
these cases, the stimulus is given to the ven- 
tricle, irrespective of the atrial contraction. Nowa- 
days the trend is to do physiologic pacing by us- 
ing dual chambered pacemakers (one lead in 
right atrium and the other lead in the right ven- 
tricle), thus giving rise to physiologically syn- 


chronized contraction and producing betler car- 
diac output and performance. 


Pacing can be done either on the endocardial 
surface (transvenous route) or from the ep- 
icardial surface (by putting electrodes on the ep- 
icardium) during operative procedures. 


Conditions that may require pacing are 


(a) Sick sinus syndrome 
(b) Tachycardias 


(c) Atrial fibrillation with slow ventricular re- 
sponse 

(d) Fixed complete heart block. 

(e) Intermittent complete heart block 

(f) Intra-ventricular conduction defects 


The commonly used pacemakers are from 
Medronic, Telectronics, Pacesetter, CPI and Bi- 
omedics. The newer ones can be programmed 
from outside by putting a magnet over them and 
one can change the rate, amplitude, and various 
other parameters. 


Wound Healing - Hyperbaric Oxygen Chamber 


Delayed wound healing is a frequent complication met within surgical practice, being 
associated with skin ulcerations in diabetes, venous stasis, post surgical infection, gan- 
grenous lesions, pressure sores, amputation stumps, skin grafts, burns and decubitus 
ulcers, the principle of applying pressured oxygen topically to the wound site, through 
portable hyperbaric oxygen chambers, has been successfully employed to accelerate 
wound healing. Two chamber types have been devised - one designed for treating lesions 
of the extremites, and another for sacral/lumbar lesions. Each chamber is completely 
portable and operates entirely on the hospital oxygen supply. 


ee east Pete ea ee 2) 


Ref: medical focus, 4/1986, pp 22. 
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14. Laser Surgery— 


Application of CO2 lasers in the treat- 
ment of breast cancer 


K. Dinstl* 


Studies—experimental and clinical—and re- 
sults using CO2 and Nd:YAG lasers in about 
1,500 operations since 1975 are reviewed in 
this article. Advantages of laser surgery have 
been observed in surgery of the breast, in anal 
surgery, sacral sinus, in chronic inflamma- 
tions, and in operations on tumors of the skin 
and connective tissue. The survey shows 
where laser application is indicated and ob- 
serves where it is still a matter of controversy. 


Laser is the acronym for light amplification by 
stimulated emission of radiation. The laser beam 
is produced by an optical amplifier stimulated by 
additional energy supply. Depending on the type 
of amplifier, beams of different wavelength pos- 
sessing a broad spectrum of qualities are pro- 
duced. These laser light beams can be reflected 
by mirrors, deflected and focused by lens sys- 
tems like any other light. According to the com- 
position of the optical amplifier, three main types 
of laser are distinguished: solid-state lasers, gas 
lasers and liquid lasers. In medicine, the most 
common systems are the helium neon laser, ar- 
gon laser, carbondioxide laser, neodymium-YAG 
laser and the ruby laser. The ruby laser is used 
in ophthalmology whereas in surgery the YAG la- 
sers predominate. The most recent development 
is excimer lasers used in vascular surgery and 
angiology. 


Our experience is based on work with the CO2 
and YAG lasers in general surgery. Due to its 
qualities (wavelength 10.6 um) the CO2 laser is 
used for noncontact cutting of tissue. Cutting is 
performed by the absorption of the laser beam by 
the tissue and its conversion to heat, producing 


very high temperatures of some hundred degrees 
celsius and thus vaporizing the tissue. Consid- 
erable development of fumes has to be managed 
by suction take-off. 


The advantage of CO2 lasers are: 

cutting without mechanical force. 
minimizing of parenchymal bleeding by 
sealing of small vessels. 

minimal postoperative wound infection, 
very little postoperative pain, 

no interference with electric monitoring 
systems, 

sealing of lymph vessels—an advantage 
that could be important in tumor surgery 
but is currently a subject of controversy. 


EJ] 
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Experiences 


At the First department of Surgery of Kranke- 
nanstalt Rudolfstiftung and theLludwig Boltz- 
mann Institute for Laser Surgery in Vienna, a 
CO2 laser has been in use since 1975, during 
which time 1,500 operations have been per- 
formed. 


Advantages have been observed in breast sur- 
gery, anal surgery, sacral sinus, chronic inflam- 
mation, fistulas, vascular ulcers, amputations in 
infected tissue and operations on tumors of the 
skin and connective tissue. In abdominal sur- 
gery the use is very limited; above all expecta- 
tions concerning surgery of parenchymatous or- 
gans were not met. 


By adapting a microscope, the CO2 laser is 
used in otolaryngology for operations on the lar- 
ynx and vocal cords (135 cases at our hospital). 
Gynecologists at our hospital used CO2 laser in 
42. cases of carcinoma of the vulva and kraurosis 
vulvae. 


Breast surgery 


Most operations were done for diseases of the 
breast. The use of CO2 lasers in breast surgery 
is based on the following characteristics: 


[] reduced bleeding, 
[] reduced postoperative pain, 
[] reduced postoperative wound infections, 


* Prof Dr. Karl Dinstl, head of First department of Surgery. Krankenanstalt Rudolfstiftung, Vienna, and Ludwig 
Boltzmann, Institute for Laser Surgery, Vienna, Austria 


Reprinted with permission from medical focus 3/1988, pp 8-10 
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possibly reduced local recurrence (but no 
significant results compared to the general 
survival time). 


a 


Reports on the results of laser surgery in can- 
cer patients have been controversial. The main 
argument for the CO2 laser in tumor surgery is 
based on the theory of sealing lymphatic vessels 
to prevent spread of the tumor cells during the 
operation. Papers have been published showing 
not only positive but also negative results. There- 
fore the main subjects of investigation have been: 
O Experimental investigations of the use of 
the CO2 laser compared to the scalpel or 
electrotome (regarding lymph flow and can- 
cer) 

Conduction of a, prospective controlled 
study on treatment of breast cancer with or 
without using the CO2 laser in selected pa- 
tients 

Studies on CO2 laser surgery of breast can- 
cer in all patients. 


tients operated for extensive malignant tu- 
mors of the breast. | 


Experimental results 


An experimental study of CO2 laser surgery in 
mice with Lewis-lung carcinoma (Table 1) was 
undertaken to find answers to the following 
queslions 


L Can the CO2 laser improve survival in com- 
parison to the conventional scalpel? 

LJ Is the rate of local recurrence lower? 
Are there morphological findings specific to 
the applied method? | 

L] Is there a lower incidence of implantation 
metastasis? 

L] Does the tumor size have any influence on 


the results? 


Table 1: Experimental study of CO2 laser sur- 
gery in mice 


Scalpel Laser 
n n 


Total 
number 


The value of using the CO2 laser in pat 
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Table 2: Postoperative tumor formation 


Method 


Metastases 


Scalpel 


Laser 


The respective conclusions derived from the 
study are: CO, lasers are not capable of signifi- 
cantly improving overall survival rates with the 
exception of small tumors, in which case survival 
rates differ significantly in favor of the laser met- 
hod (Fig.1)._ Local recurrence exhibiled a lower 
rate in excision by laser (Fig. 2). Histological and 
cytological findings reveal tissue and cell dam- 
age, contributing to a lower rate of local tumor 
growth after surgery by the laser technique 
(Table 2). The incidence of tumor growth was 
much lower in mice when wounds were exposed 
to CO, laser radiation before swabbing tumor ce- 
lls into them. Tumor size has a significant influ- 
ence on results, especially when small tumors 
are treated by CO, laser. 


Human surgery 


The implications for human surgery are that 
CO2 lasers are preferable in highly malignant 
tumors when the excision has to be performed 
close to the tumor, if the tumor surface is dam- 
aged and therefore a risk of implantation metas- 


‘tasis exists. 


Results 


Prospective, controlled trials on female pa- 
tients with breast cancer were started in 1981. 
The criteria for selection of the 135 patients in 
the study were: 


C 


& Age under 70 years. 


Clinical tumor stage I or II 
Pre-or postmenopausal state. 


Randomization was done by computer and a 
radical mastectomy was performed in all pa- 
lients. Postoperative therapy was standardized 
according to the hormone receptor state (tamox- 
ifen or other chemotherapy). To date, we have 
not been able to obtain definitive results because 
the period of investigation has been too short. 


Table 3: pOstahexauin’ local recurrence 


Lumpectomy Eo 6(33%) 


Table 4: Postoperative local recurrence after 
aa (Mo) 


Mod.rad.op. 


Follow-up of 449 patients operated for breast 
cancer between 1975 and 1985 showed a re- 
duced incidence of recurrence only when radical 


mastectomy had been performed. The recur- 
rence of tumors depended on the kind of proce- 
dure used, but il appears that use of the CO2 la- 
ser in breast cancer surgery gives an advantage 
over conventional methods relating to local re- 
currence (Tables 3,4). Standardized axillary 


vival 
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90 aoeerore: C Scalpel large 
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70 E Laser medium power 
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Fig.1: Survival 
after resection with 
or without laser 
depending 

on tumor size 


lymph node dissection could not be made by la- 
ser, because dissection with laser would endan- 
ger axillary vessels or nerves. 


Undeniable advantages of the CO2 laser were 
observed in the excision of extensive tumors of 
the breast. Our experience of 39 patients with 
extensive tumors showed the following advan- 
tages of laser surgery compared to conventional 
procedures: 

Less bleeding 

Possibility of minimizing excision of skin. 
Significant reduction of local recurrence. 
Less postoperative pains. 

Possibility of primary skin grafting in ulcer- 
ated or infected tumors. 


BS ye) 


Outlook 


A definitive statement regarding survival time 
cannot be made, as the number of patients is too 
small for a prospective study. Recently, cases of 
extensive breast cancer have been treated preop- 
eralively by chemotherapy. We found a signifi- 
cant reduction of tumor size in patients respond- 
ing to preoperalive polychemotherapy after three 
cycles. We hope to prolong the survival of those 
palients by adopting CO2 laser surgery for the 
subsequent radical operations. The value of this 
procedure will be shown within the next few 
years. 
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Fig. 2: Local 
recurrence rate 


Orthopaedics 


15.Present and Future Per- 
spectives of Application & 
Utilization of Modern Tech- 
nology in Orthopaedics 


Dr. PK. Dave M.SFE6S 


I Introduction 


Modern medicine has made a quantum jump in > 


the quality of patient care particularly in ortho- 
paedics over the last few decades. These adva- 
nces have been the outcome of improved meth- 
ods of diagnosis using newer technology, im- 
provement in surgical techniques and safety of 
anaesthetic methods. Another significant field of 
study which has greatly altered the outcome of 
treatment has been the progress made in the 
field of biomaterials, required for manufacture of 
implants to be used in the body. 


Progress in orthopaedics has been in the areas of 
newer methodology of diagnostic techniques, ad- 
vances in the analysis of various biomechanical 
aspects of human locomotion and musculo- 
skeletal function, and treatment modalities. 


II Diagnostic Methods 


The orthopaedic surgeons relied on clinical acu- 
men for diagnosis till the advent of roentgen rays 
which considerably improved diagnostic ability. 
For a long time this was the sole method of diag- 
nosis till newer invasive and non-invasive imag- 
ing techniques like computerised axial tomogra- 
phy and magnetic resonance imaging came on 
the scene. Advances in nuclear isotope tech- 
niques also helped in identifying many general- 
ised lesions in the skeleton. Biopsy techniques 
using needle guided biopsy under CAT scan also 
helped to get tissues which were hitherto inac- 


cessible. Techniques of fluorescent microscopy 
using various fluorescent markers was used in 
various metabolic studies of bone. Micro-radiog- 
raphy was used to study the vascularity of bone 
under physiological and pathological conditions. 


1. Radionucleide Bone Scanning 


Radionucleide evaluation of skeletal disease has 
been in use since early ’60s but was not popular 
since, with the then available isotopes, radiation 
dose to the patient was high and the image was 
not clear. Introduction of Tc99 in 1971 overcame 
both the problems (Subramanian et.al. 1975). 
Many more radiopharmaceuticals for bone imag- 
ing are available today, but Tc99 remains the 
most widely used agent since it is cheap and 
readily available. The mechanism of radiophar- 
maceutical accumulation occurs in the form of 
solute transport in bone by the process of diffu- 
sion in the Haversian system. These can be 
bound or directly exchanged components of hy- 
droxy-apatite crystal (Keye et al 1975). In cases 
where blood flow increases, there is an increased 
accumulation of bone scanning agent at the af- 
fected site. The exact mechanism of bonding 
with hydroxy-apatite is not known but in clinical 
terms. any hyperaemia or osteoblastic activity 
would result in an increased deposition of the 
scanning agent. 


Radionucleide bone scanning is useful in day to 
day clinical practice as well as in research. Clini- 
cally relevant uses are in assessment of both pri- 
mary and metastatic malignant bone tumours, 
infections, osteonecrosis and occult fractures. 
For research purposes bone scanning is used in 
study of calcium kinetics, bone mass measure- 
ment and assessment of efficacy of medical treat- 
ment in inflammatory arthropathies. 


Bone scanning is very effective in assessment of 
primary malignant bone tumours and to some 
extent in primary benign tumours also. It will 
readily reveal extent of tumour in bone, multiple 
foci of bone involvement, and thereby facilitate 
accurate staging and pre-operative planning (Gil- 
day, 1977; McNeil,1978;Simon et.al, 1980). 


Bone scanning is a sensitive method of identifica- 
tion of metastatic deposits in skeleton and is in- 
valuable in assessment of a patient with sus- 
pected or known secondaries (Blair et. al.1976; 
Krishnamurthy et.al.1977; Tofe et.al.1975). It is 


* Professor and Head of Dept of Orthopaedics, All India Institute of Medical Sciences, New Delhi - 110029. 


vastly superior to plain radiography in locating 
areas offbone destruction. As liltle as 5% change 
in calcium content can be detected by bone scan 
whereas an x-ray will not detect an area of bone 
destruction until 30% calcium has been lost 
(Charkes et.al.1968). CT and MRI are equally 
sensitive but cannot be used to map out the 
whole body which can be rapidly and cheaply 
done by radioactive bone scanning. In addition 
to identifying occult and very early metastatic 
deposits, bone scanning can help in choosing an 
appropriate and easily accessible metastatic de- 
posit for biopsy. Nowadays complete work up of 
such patients starts from a bone scan 
(Thrall, 1987). 


Radionucleide scanning has dramatically im- 
proved the early diagnosis of acute osteomyelitis, 
thereby reducing the morbidity by prompt treat- 
ment (Feigin et.al. 1976; Handmaker, 1976; 
Maurer,1981). Bone scanning is also useful in 
differeniiating soft tissue infection from osteo- 
myelitis and to some extent in differentiating be- 
tween a loose body and infected joint replace- 
ment prosthesis (Campeau et.al.,McInerney 
et.al.1978). Its role in chronic osteomyelitis is 
still not fully investigated; it may provide objec- 
tive evidence of quiescence of infection. Bone 
scanning is useful in detection of deep seated in- 
fection e.g.discitis; and also unsuspected occult 
infection. For purpose of investigation of osteo- 
myelitis Ga67 (Tsan,1985) and Indium111 labe- 
lled WBC (Thakur et.al.1977) have been found to 
be more useful but the availability of these iso- 
topes is as yet limited. 


Bone scanning is quite accurate in establishing 
presence or absence of post-traumatic avascular 
necrosis especially at hip (Bauer et.al. 1980’; 
Meyers et.al.;1977), and in follow-up of treated 
patients to assess effect of treatment on vascu- 
larity of affected bone. Bone scanning for oOs- 
teonecrosis is of particular interest in evaluation 
of asymptomatic contralateral hip, in evaluation 
of high risk patients e.g. divers, transplant re- 
cipients and those on long-term steroid therapy. 


Bone scanning is useful in diagnosis of sus- 
pected fracture (Rosenthall et.al.1979) and stress 
fracture (Geslien et.al.1976; Wilcox et.al. 1977). 
Radionucleide bone scanning is also invaluable 
as a screening test in a patient with unexplained 
pain, since a normal bone scan will exclude all 
bone disease for which delay in diagnosis can be 
harmful (Kirchner et.al. 1981). For purposes of 
research in elucidation of calcium metabolism 
and evaluation of new drugs in treatment of os- 
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teoporosis, calcium kinetic studies and bone 
mass measurement can be done using radio- 
pharmaceuticals or neutron activation analysis 
(Dymbling 1971; Heaney,1969; Nelp et.al. 1970). 


Radionucleide joint scanning is also useful in as- 
sessing efficacy of newer drugs in treatment of 
various arthropathies e.g.rheumatoid arthritis. 


2. Magnetic resonance imaging 


Magnetic resonance imaging is one of the newer 
techniques in the rapidly expanding technology 
of imaging techniques. It is based on the physi- 
cal principle that images can be created through 
induced local interactions of hydrogen atoms and 
was first demonstrated by Leuterbur in 1973. 
Magnetic resonance imaging gives information at 
the molecular level and therefore it provides in- 
formation both about anatomical and physiologi- 
cal changes. It also has another advantage that 
is does not involve the use of ionizing radiation. 
Magnetic resonance imaging is useful in the 
evaluation of soft tissue pathology like tumours, 
spinal pathology, osteonecrosis of hip, diseases 
of bone marrow and ligaments. 


In the field of orthopaedic surgery the cortical 
bone and ligaments, and non-articular cartilage 
produce very little signal but the lack of signal 
from articular bone enhances the signal from the 
adjacent tissue; therefore bone marrow produces 
high signal with much better evaluation. The i 
vivo activity of the tissue can be evaluated with 
magnetic resonance spectroscopy. This tech- 
nique is non invasive and can measure the conc- 
entration of phosphate compounds in muscle 
and osseous structures. Magnetic resonance im- 
aging also provides a non-basic technique for 
great accuracy in the diagnosis of osteoporosis. 
Various metabolic diseases also causing altera- 
tion in the skeleton are shown up by this tech- 
nique. 


Basically the magnetic resonance imaging was 
applied for the differentiation of grey and white 
matter within the central nervous system and 
thereby helped to diagnose a variely of conditions 
particularly the demyelinating conditions. It 
helped in visualising spinal lesions because of 
the ability to visualise the spinal cord without 
the need for intrathecal contrast material. 


Magnetic resonance imaging is also very useful 
in the diagnosis of osteonecrosis. Since most in- 
farcts of bone occur in fatty marrow, magnetic 
resonance imaging can give an early and accu- 


rate diagnosis. It has also been useful in the 
planning of limb surgery in patients with primary 
malignant tumours of bone. Alteration of blood 
flow in the major arteries by trauma or embolic 
phenomenon can also be identified with magnetic 
resonance imaging. This technique also defines 
the integrity of muscles, tendon structures, and 
therefore is of great use in the diagnosis of liga- 
ment injuries particularly of the ankle joint. 


This technique has progressed rapidly as a non 
invasive imaging technique. Improvement in 
spectroscopy, and new pulse sequence develop- 
ments in soft ware would not only improve the 
specificity but reduce examination time. (Fitzger- 
ald & Berquist, 1986). 


3. Fluorescent microscopy 


Proteins, including serum antibodies can be la- 
belled with fluorescent dyes without disturbing 
their biological and immunological behavior and 
can be visualized under a fluorescent micro- 
scope. Fluorescent dyes can be detected in lower 
concentrations and have a great microscopical 
precision. Heidelberger, Kendall & Soo Hoo(1933) 
and Manach(1934) were the first to produce an 
antigen tagged with a dye. Riggs Seiwald, Burck- 


halter, Downs and Metcalf(1958) introduced a> 


simple method using fluorescein isothiocyanate. 
The principle of fluoroscent antibody method is 
the application of conjugated specific antiserum 
to a microscopical preparation containing the 
antigen. The labelled antibody combines with 
the anligen and can be visualized by fluorescent 
microscopy. This fact has been used in the diag- 
nosis of various autoimmune diseases like rheu- 
matoid arthrilis. Various workers applying the 
immuno-fluorescence technique of Coons and 
Kaplan(1950) have studied the distribution of 
rheumatiod factor in the tissues of rheumatoid 
patients. Mellors,Nowoslawski,Karngold and 
Sangson (1961). Mellors, Heiner, Corcos and 
Korngold (1959) made a detailed study of the cel- 
lular origin of rheumatoid factor and established 
its presence in the plasma cells. 


Fluorescence induced by tetracycline was first 
reported by Loo et al(1957). Tetracycline given 
by any route got deposited at the site of new 
bone formation and it gave golden-yellow fluores- 
cence when undecalcified sections of bone were 
seen in ultraviolet light. Tetracycline once de- 
posited remains attached to bone till it gets re- 
modelled. These properties of tetracycline have 
been further confirmed by Urist et al. (1963), and 
Harris et.al (1964). Tetracycline has been used 
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as an intravital tissue marker for measuring the 
rate of bone accretion. Frost (1962) termed the 
deposition of tetracycline as a label and also ob- 
served that it got deposited at the zone of demar- 
cation between the mineralized bone and osteoid. 
The appositional rate of bone growth can be 
measured by giving two labels of tetracycline. 
The use of tetracycline fluorescence has been 
used in the study of various metabolic bone dis- 
orders like rickets and osteomalacia (Kelly et.al, 
1965 and Heinrich and Ramsag et.al.1966) Vit.D 
resistant rickets (Frame et.al. 1965) and familial 
hypophosphataemic Vit.D resistant rickets (Vil- 
lanueva 1966). This technique can also be used 
to study the effectiveness of various drugs on the 
metabolic bone disorders. 


4, Micro-radiography 


The amount of bone formation and resorption 
can be studied by micro-radiography very satis- 
factorily. Micro-radiograph is a black and white 
portrait in which details of calcified tissues are 
visible but not of soft tissues and cells. Its den- 
sily is directly proportional to the amount of min- 
erals in bone tissue (Jowsey,1966). The surfaces 
of bone which are in the process of formation or 
resorption have a characteristic appearance and 
can be recognised by mineral distribution 
(Jowsey and Kelly, 1965). Newly formed osteons 
and bone traceulae appear greyish in colour as 
their mineral content is low. After full minerali- 
zation they appear almost white. Areas of bone 
resorption are recognised as holes with irregular 
margins surrounding bones of high density. Ar- 
eas where bone formation and resorption has 
ended are recognised by the appearance of 
smooth sclerotic level adjacent to the vascular 
space. Microradiography cannot determine the 
linear rates of bone formation and resorption as 
it is not possible to measure the tissue laid down 
or removed over a definite time interval(Jowsey 
1966). Nevertheless quantitative microradiogra- 
phy is the best method for measuring the bone 
turnover (Ramussen and Terenhouse 1967) and 
has been extensively used in various metabolic 
studies (Jowsy and Kelly; 1965,Lee, 1967) 


OI Biomechanical Analysis of Mus- 
culo-Skeletal System 


Modern techniques of gait analysis have helped 
in understanding human locomotion better in 
normal and pathological states. Although sim- 
pler methods were often used, the exact muscle 
contraction during different phases of gait cycle 


were not easily discernible. Modern technology 
using complex cinematographic equipment, elec- 
tromyograph and computers were therefore used 
in the study of human locomotion. Walking is a 
complex function and its analysis can help in 
finding a suitable mode of treatment for the pa- 
thological gait. The reason for a particular gait 
pattern can be evaluated by a dynamic EMG and 
vector analysis. For the effectiveness of the per- 
son’s gail, energy cost and stride analysis are 
measured. Motion analysis is by the observa- 
tional technique of gait analysis which involves 
sysiemalic assessment of motion pattern of each 
segment i.e. foot, ankle, knee, hip, pelvis and 
trunk. For quantilated motion analysis, elec- 
trogonimeters are used, which can be fixed to the 
patient's limb during walking. Automated re- 
cordings of the entire limb can be carried out 
with the help of a videodisk camera and a micro- 
computer, combined in a _ single plane 
system(Gronley and Perry,1984). 


Dynamic electromyography is used by recording 
myoelectric signals generated as a result of neu- 
ral stimulus. Surface electrodes can be used 
which determines a gross activity of a group of 
muscles. The myo-electric signals are transmit- 
ted by telemetry for recording and are tested 
against a normal performance as the reference. 
This information can be used by the surgeon de- 
termining normal/abnormal function for final 
surgical procedure of tendon transfers. 


The amount of effort involved in walking by 
handicapped individuals can also be measured, 
thus helping us in choosing the best mode of lo- 
comotion for them. Performance data is collected 
by ECG electrodes for heart rate, thermal sensor 
for respiratory rate and a foot switch for gait ve- 
locity. Expired air is collected in plastic bag for 
analysis of oxygen or carbon dioxide content. 
This information can be used for determining the 
optimum device for the locomotion of the patient. 


Study of gait by cinematographic technique us- 
ing three cameras and projecting them on special 
viewers have been carried out (Sutherland and 
Hagy,1972). The 1novements of various joints of 
both the extremilies can be made and the elec- 
tromyograms can be superimposed on the mo- 
tion picture film for simultaneous recording. 


IV Computers in Aid of Orthopaedics 


Although computers had been invented in early 
19th century, it was only in 1960 that the Na- 


tional Library of Medicine applied computer tech- 
nology for the storing and retrieval of medical lit- 
erature, for Index Medicus and Excerpta Medica. 
Today there are over 2453 data bases available, 
out of which 29 contain information on orthopae- 
dics alone or orthopaedics with other specialities 
(Williams, 1986). 


The most important usefulness of computers in 
orthopaedics is of course for storing or retrieval 
of medical records (Kuslich and Peck 1986) but 
its usefulness has been broadened considerably 
in the hospital. The computer, with its terminals 
located in the various investigative laboratories 
can provide instant report of seriously injured 
patients so that a rational treatment can be 
planned. All notes including those of the opera- 
tion can be recorded and stored as data for fu- 
ture use. 


The computers have also been found to be of tre- 
mendous use in the design of custom-made or- 
thopaedic implants by the use of computer 
graphics (Bechtold 1986). The practice of using 
custom-designed orthopaedic implants is becom- 
ing increasingly common. Joint replacements 
are being done in relatively younger patients and 
smaller prostheses are necessary to fit their me- 
dullary canals which may not be available in the 
stock size of prostheses. Patients requiring revi- 
sion of prosthesis after a failed arthroplasty or 
cementless arthroplasty or in excision of bone 
tumours for limb salvage surgery need a custom- 
made prosthesis. Computerised tomography is 
used to quantify an individual femoral cavity ge- 
ometry. Data in digital form is than used in 
computer aided design (CAD) programmes to pro- 
duce instructions for computer-controlled milling 
machines. Using these techniques it is possible 
to produce a stem that is custom-designed for 
each patient. Aldinger et.al.(1983) also used CAT 
scan to provide data of the medullary canal con- 
tour data necessary to manufacture femoral pr- 
osthesis using NC techniques. The prostheses so 
produced, though not totally congruous are 
closer than standard models and have superior 
stress and load transmission properties. The 
Mueller Institute for Biomechanics in Bern-Swit- 
zerland and The Hospital for Special Surgery in 
New York have developed the facility for internal 
computerized design and developed their own 
prosthesis. Based on the same principle Simon 
et.al(1985) have described a method of designing 
knee prosthesis in three standard sizes. 


The basic concept is to provide a numerical data 
base giving specific details about the prosthesis, 


which is stored in the computer and can be 
changed as necessary to modily the shape and 
then can be fed to automatic milling machines 
for manufacture. Many computer-aided designs 
(CAD) use a simplified two-dimensional drafting 
type of software that can be extended to three 
dimensions for viewing purpose. 


In case of hip prosthesis, data points from the 
proximal femoral intramedullary canal can be 
used to define the B-spline control vertices de- 
scribing the surface of the intra-medullary canal. 
An implant can then be designed from this model 
of the intramedullary canal. Recent advances in 
computer graphics with terminals of high resolu- 
tion allow objects to be displayed in great detail 
(Bechtold 1986). 


Apart from its use in prosthetic designing, the 
computer has proved to be of invaluable help in 
rationalising data recording, simplifying office 
procedures (Kuslick and Shorezewski 1986), 


teaching (Buckwalter 1986) and computer 


graphic modelling in surgery (Wing,Dvorak and 
Dvorak 1986). 


V Frontiers in Orthopaedic Treat- 
ment 


Last three decades have completely changed the 
concepts of orthopaedic treatment. The progress 
in orthopaedics has been spectacular not only 
due to the ingenuity of the orthopaedic surgeon 
but due to the phenomenal progress in the field 
of science which made these advances possible. 


The main thrust of treatment has been on the 
development of joint replacement surgery which 
has been possible because of progress in the field 
of biomaterials for the manufacture of the impla- 
nts. Modern concept of treatment of fracture by 
principles of rigid fixation is also dependent on 
the development of newer implants and instru- 
ments. 


Biodegradable materials have also been devel- 
oped for reconstructive surgery of tendons and 
ligaments. Of late, arthroscopy and arthroscopic 
surgery of various joints by minimal intervention 
has also been made possible and refined by the 
advent of fibre-optic technology. 


Recent advances in the field of radiotherapy, ad- 
juvant chemotherapy and advances in custom- 
made prosthesis has not only improved the prog- 
nosis in terms cf survival but has made limb sal- 
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vage possible. The role of microsurgery has ex- 
panded considerably in the field of orthopaedics 
and has made reimplantation of severed digits 
and limbs possible. 


The philosophy of treatment of the orthopaedi- 
cally handicapped patients has also undergone a 
sea change. No more is the handicapped consid- 
ered an object of mercy; the residual abilities of 
the patient has been harnessed and improved to 
make him a useful citizen by using modern elec- 
tronics to amplify the weak potentials of weak 
muscles. 


1. Joint Replacement surgery 


Total replacement of joints has become one of the 
very common reconstructive procedures for relief 
of pain and improving motion in various arthritic 
conditions. This surgery has evolved as a result 
of progress in finding out various acceptable ma- 
terials for prostheses manufacture, improvement 
in design and the manufacturing techniques. 


The credit for the evolution of this surgery goes 
to the late Sir John Charnley whose epoch-mak- 
ing work on the use of various materials for the 
prosthesis and use of acrylic cement for fixation 
of the acetabular and femoral component in fe- 
mur remains unsurpassed. John Charnley 
(1970) popularised the use of acrylic cement for 
bonding the prosthesis to the bone and prosthe- 
sis. Before Charnley's method of low friction 
arthroplasty, hip prosthesis made of metal upon 
metal were in use. Charnley was the first one to 
use high density polyethylene (acetabulum) and 
metal for (femoral) prosthesis. These two materi- 
als were tried for a long time in the laboratory 
and were shown to have less friction than metal 
upon metal (Freeman 1975). The use of these 
two materials was decided after deciding on the 
frictional resistance, risk of carcinogenesis from 
wear particles and tissue toxicity. Modern tech- 
nology has concentrated mainly upon the follow- 
ing areas for the development of joint replace- 
ment surgery. 

i) Better design of the prosthesis so that it can 
bear the cyclic loading of the stress better. The 
computer-aided design for prosthesis manufac- 
ture has already been mentioned earlier. 

ii) Search for newer material for better biocom- 
patibility, wear resistance and stress-bearing ca- 
pability. 

iii) Newer engineering techniques for increasing 
the strength, decreasing corrosion, and fatigue 
fractures. 

vi) Improvement in surgical technique and in- 
struments to produce a better [{it. 


A better understanding of the biomechanics and 
the anatomy of the various joints, particularly of 
the hip, resulted in better designs of the hip 
joints. In the hip joint the stem design, the 
length of the neck, the size of the head, and the 
acetabulum, were designed to wear the load per 
unit surface. Charnley was aware of the problem 
of friction between the two surfaces of the head 
and the cup (boundary lubrication). To lessen fr- 
iction he lined the acetabulum with Teflon and 
later on reduced the diameter of the head to re- 
duce the resistance by reducing the movement. 
It is te the credit of Charnley that the basic con- 
cept of low friction torque arthroplasty with 
metal-on-polyurethane has been established as a 
standard against which other arthroplasties have 
been evaluated. 


Investigations have been made to either do away 
with the cement, or to produce other designs in- 
cluding a bipolar hip. The bipolar cup was f[ol- 
lowed by an array of modular systems with vari- 
ous combinations of head and neck sizes. Be- 
cause of some complications which developed in 
the stem design, surface replacement arthro- 
plasty came into being to have an anatomical [it 
of the femoral and acetabular components. It is 
dependent upon having adequate range of com- 
ponents which are interchangeable and have 
custom fitting capabilities for better fixation and 
minimal loss of bone stock. 


Various materials have been in use from time to 
time, viz. stainless steel, cobalt-based alloys and 
titanium and titanium-based alloys. Porous 
coated stems were designed for better stress dis- 
tribution. In addition to porous coating, interest 
in press-fit stems and cups has also been revived 
(Bombelli & Mathys,1982). Ceramics are also in 
use in various centres and are said to have prop- 
erties of low friction and wear. 


Development of joint transplant of joints other 
than the hip have not been so spectacular; nev- 
ertheless progress in their development has not 
lagged behind. Today the knee, elbow, shoulder, 
ankle and carpal joints have been replaced with 
different types of joints and materials. The devel- 
opment of knee replacement has taken place 
from a compartmental, and condylar to a semi- 
constrained and constrained knee (Waugh 1983). 
The consensus seems to be favouring a condylar 
knee with some in-built constraint. 


2. Carbon fibre 


Another material that has found a useful appli- 
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cation in orthopaedics is carbon. Carbon is used 
in two forms - vitreous or glassy carbon or [il- 
amentous carbon, or carbon fibre. Carbon fibre 
is manufactured by a complex process in which a 
fabric polyacrylonitrile (acrilan) is converted into 
‘ash’ without changing the molecular configura- 
tion of the original fibre. This fibre is then oxi- 
dized at 220° C to make it narrower and its mole- 
cules tend to line it up in an axial direction. 
Heating it upto 3000° C crystalises the carbon 
into a graphite form. Subsequent oxidation con- 
verts it into a thinner but stronger carbon fibre, 
increasing its tensile strength and making it 
lighter. This fibre has found a significant clinical 
application after many experimental trials 
(Gopalkrishnan, Bhan, and Dave, 1984).  Car- 
bon fibre has been extensively used as a substi- 
tute or to strengthen tendons and ligaments for 
their repair. Carbon fibre is infiltrated by vascu- 
lar tissue from the surrounding vascular tissue 
and therefore has not been of much use in the 
repair of ligaments in the knee joints. 


Carbon fibre has also been used in the manufac- 
ture of plates from graphite fibre reinforced with 
polymethyl-methacrylate. These plates were 
used as implants for fixation of fractures with 
A.O.Cortical screws (McKibbin 1983; Tayton 
et.al. 1982). Carbon fibre has also been used to 
reinforce the artificial joints (Lancaster,1968) for 
repair of hernia (Johnson Nurse and Jenkins, 
1980) and used as a nerve graft (Rails et.al. 1982) 
in laboratory conditions. 


3. Silicone 


Although silicone was discovered at the turn of 
the century, its medical use started in early six- 
ties only. The polymer dimethyl-polysiloxane is 
oily but as the polymer chain is made longer it 
becomes viscous and addition of ferric chloride 
and oxidation converts it into a rubber like sub- 
stance called silastic (Helal, 1969). 


Silicone fluid has been used extensively in medi- 
cine as a floating bath for burns, as tissue ex- 
pander (Wallace, 1960) artificial lenses (Bowen 
et.al.1962) and even penile prosthesis (Pearman 
et.al. 1967) 


In orthopaedics, silastic has been used exten- 
sively for wound drainage (Waugh et.al 1961) and 
for intractable trophic ulcers (Lennox 1965). Its 
extensive use has been as silastic sheets to wrap 
around tendon or nerve suture. Silastic rods 
have been used as a tendon graft as a prelimi- 
nary to the usual autografts. Today the major 


use of silastic has been in the manufacture of 
implants to be used for replacement of finger 
joints (Swanson 1966) and carpal bones (Swan- 
son and Yamauchi 1968). Its other use has been 
in amputation to improve the pressure tolerance 
of end-bearing below and above knee stumps 
(Swanson, 1966). 


4, Arthroscopy 


Although arthroscopy was first performed in 
1918 by Takagi, it was Masaki Watanabe who 
performed the first arthroscopic surgery in 1960. 
An arthroscope is like an endoscope but differs 
in having an angle of vision at 70 and even at 30 
degree to give a wider sweep of vision. The 
arthroscope carries a glass fibre optic light guide 
for better visualization (Dandy,1983). The popu- 
larization of this technique has led to a much 
less invasive surgical procedure and enables all 
the patients to leave hospital on the same day. 


5. Electronic system for paralysed patients 


The rehabilitation of an orthopaedically handi- 
capped patient due to spinal injury has become a 
challenge. The paralysed patients have very little 
muscle function left. These muscle electrical po- 
tentials are amplified for control of environmental 
equipment used in daily living, thereby giving 
these patients a certain level of independence. 


In quadriplegic patients, functional neuromuscu- 
lar stimulation for restoring movement in the 
paralysed hand has seen successfully tried 
(Keith,Peckham, Thrope, Buckett, Stroh and 
Menger, 1988). 


A four-channel percutaneous electrode system 
with a patient portable external electronic had 
been used by Keith et.al. (1988). By trial, a rela- 
tionship is established between movements of 
contra-lateral shoulder and hand and forearm 
muscles. In certain cases, stabilization of joint 
would aid in functional movement. The percuta- 
neous electrodes have some limitations like lon- 
gevily and infection, and need assistance for fix- 
ing them. Functional electrical stimulation has 
also been used in muscle strengthening and res- 
toration of gait (Kraj, Bajd and Turk 1988; Mar- 
solais and Kobetic, 1988) utilising the patient’s 
preserved function to the maximum. Starting 
from a two-channel electrode system applied to 
both quadriceps, a four-channel unit for gait res- 
toration has been developed. 


The physiologic effects of functional electrical 
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stimulation in spinal injuries were studied by 
Rangnarsson (1988). Their studies showed a tre: 
mendously improved subjective response ol im- 
proved well being, feeling of strength and less fa- 
ligue. There was an increase of muscle strength 
and endurance particularly in the quadriceps 
muscle. 


All types of controls of switches, used by the dis- 
abled to activate various equipments or systems, 
use some body function, whether it be minimal 
movement of body parts or use of vocal, visual 
and respiratory system. Different types of 
switches used for this purpose are (1) Mi- 
croswitch operated by body movements. (2) Ca- 
pacitance switch operated by body movements: 
(3) Pneumatic switch operated by breath; (4) Pho- 
tocell operated by eyes (Ocular movements); (5) 
Audioswitch - operated by a) Tone or pitch (sou- 
nds, whistle), b) Actual voice commands. 


Mobility of such patients is a real necessity as it 
is part of today’s culture. Power-driven wheel 
chairs have been able to provide a considerable 
amount of independence for the severely dis- 
abled. In such chairs the controls are very [{lex- 
ible for quick interchange to right or left and 
preferably for quick switch from breath,voice etc. 
These can be manually operated for optimum 
physical input and are suitable in different loca- 
tions. 


In the field of prosthetics - myoelectrically con- 
trolled prosthesis are available especially for the 
upper limbs. In this system, the electrical poten- 
tials generated by the muscle contraction are 
used to control the externally energized prosthe- 
sis. All myoelectrically controlled prostheses 
utilize a prosthetic hand as the terminal device. 
Compressed gas has also been used as a power 
source for upper arm prosthesis using small 
power in shoulder muscles, or rudimentary limbs 
in thalidomide babies to open the valve of the 
cylinder containing compressed gas which pro- 
vides the power for using the prosthesis. 
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16.Present and Future Per- 
spectives of Application and 
Utilisation of Modern Tech- 
nology in Orthopaedics 


Dr. G.S. Patnaik* M.S 
I Introduction 


Orthopaedics, though loosely known as medi- 
cal science dealing with bones and joints, in- 
cludes in its field all the living structures that 
help maintain the upright posture of man and 
his locomotion. This includes ligaments, 
muscles, cartilages, bones and joints. Modern 
orthopaedics encompasses accident and trauma 
services, surgery of joint replacement, study of 
back pain, office orthopaedics and other muscu- 
loskeletal conditions. With the advent of indus- 
trialisation and urbanization, there is increase in 
the number of road traffic accidents. Trauma 
care is thus a major responsibility of orthopae- 
dics. It is interesting to learn, that accidents 
have the dubious distinction of topping the list of 
causes of unnatural deaths in United States. In- 
dia, with its fast developing urbanisation is 
closely following the footsteps of its more devel- 
oped sister countries. 


It would be practically impossible to discuss 
the full range of applications of modern technol- 
ogy in orthopaedics. An attempt is made here to 
focus on a few practical applications of certain 
modern technologies in orthopaedics. 


II Diagnostic Orthopaedics: Modern 
Technologies 


1. Computed Tomography | 
This has revolutionised the diagnosis of spinal 


diseases. As with any new technique, the levels 
of technical capabilities very greatly. Yet most 


clinicians agree that computed tomography is an 
extremely useful diagnostic tool in the evaluation 
of spinal diseases. It is an extremely valuable 
adjunct to the evaluation of cervical spine and 
the spinal cord. When combined with intrathecal 
metrizamide enhancement and with computer re- 
formated images in sagittal and coronal planes, 
computerised tomography is a thorough diagnos- 
tic modality that can be applied to congenital or 
developmental, degenerative and trauma-induced 
abnormalities. The use of computerised scan is 
extremely important in the cases of patients with 
pelvic trauma, usually the sequelae of high veloc- 
ity road accidents. It should be compulsorily 
performed on all patients with severe pelvic inju- 
ries. It depicts pelvic anatomy in exquisite detail, 
enabling one to plan therapy on the basis of pa- 
thologic anatomy, rather than the presumed 
mechanism of injury. Computer tomography is 
more expensive than tomography but gives con- 
siderably more information at a lower radiation 
dose. It is also of considerable value in post-op- 
erative follow-up to determine adequacy of frac- 
ture reduction and healing. 


The most recent advances in technology and 
computer software have resulted in the ability to 
reformate the standard axial cuts in almost any 
direction and magnify the images so that exact 
measurements of various structures can be 
made. Specific software is now available to 
evaluate the density of specific bones and com- 
pare it with the normal population. This is a 
non-invasive, painless, outpatient procedure that 
supplies enormous information about spinal and 
other bone diseases. 


Computerised arthrotomography provides a 
more comprehensive evaluation of joints when 
compared to conventional arthrotomography. 


2. Magnetic Resonance Imaging 


It is considered to be the newest technological 
advance in spinal imaging. MRI is a comple- 
mentary technique to computerised tomography 
in the examination of the spine, the hip and 
other musculoskeletal tumors. In some cases it 
provides diagnostic information not available 
with any other modality including CT. MRI has a 
potential to be very useful in the assessment of 
various marrow-based disorders and may some 
day obviate the need of contrast aided studies of 
ligaments, tendons and cartilages. 
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Advantages of Magnelic Resonance Imaging 


a) Superior soft tissue contrast resolution of 
MRI relative to that of computerised scan. 

b) The ability of MRI to directly image the 
body in saggital and coronal planes as well as ax- 
ial planes. 

Cc) The ability to vary the level of contrast be- 
tween the tissue by manipulating the MRI pulse 
sequence parameters. 


d) The lack of artefacts from beam hardening 
effects. 
e) The capacity to image in the presence of 


metallic hardware. MRI of musculoskeletal sys- 
tem appears to hold greatest promise in five ma- 
jor areas. 

i) Non-invasive imaging of spine and disc dis- 
ease. 

ii) The early detection of osteonecrosis of 
femoral head. 

iii) The evaluation of the extent and tissue 
characteristics of musculoskeletal tumors. 

iv) 
row-replacing processes. 

v) The depiction of articular and periarticular 
structures. 


3. Positron Emission Tomography 


Positron emission tomography and single pho- 
ton emission computed tomography are other 
similar techniques that may offer additional diag- 
nostic information in the near future. It has 
been reported that single photon emission com- 
puted tomography is more sensitive in the identi- 
fication of symptomatic siles in spondylolisthesis 
than planar bone scintigraphy. 


Other diagnostic tests in finding out spinal dis- 
eases are 


4. Electromyography: is used in the identifica- 
tion of peripheral neuropathy and diffuse neuro- 
logical involvement indicative of higher or lower 
lesions. 


5. Somato Sensory Evoked Potential (SSEP): is 
another diagnostic modality that may identify the 
level of root involvement. 


6. Use of Computers in Orthopaedics 


For an effective treatment of the patient what 
is required is motivation, integrity, interpersonal 
skills and above all concern for the patients. Of 
late, computers play an effective role in simula- 
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lion, analysis and design in orthopaedic surgery. 
Three-dimensional reconstruction of bony anat- 
omy based on computer tomographic images and 
radiographs may be used to analyse, simulate 
and design certain orthopaedic procedures. In 
osteotomy surgery the computer reconstructed 
models may be used to measure critical angles, 
surface area and congruity of joint surfaces. 
Computer reconstruction may be used in total 
joint replacement surgery to simulate the effect 
of surgical reamers and rasps, to select the geo- 
metrically optimal standard implant or to design 
a custom implant. In allograft reconstructive su- 
rgery, computer reconstruction may be used to 
measure bony defects and to identify the appro- 
priate allografts for reconstruction. Plastic mod- 
els may be sterilised and used to template, to 
sculpt the allografts immediately pre-operatively. 
The application of computer-based solid model- 
ling techniques, to human anatomy shows great 
promise for enhancing surgical instruction and 
research. Such instruction will directly benefit 
patient care. 


Evaluation of orthopaedic knowledge has and 
will continue to have an essential part in main- 
tain high standards of orthopaedic education and 
practice. It is exciting to learn that development 
of computer-based evaluation methods will pro- 
vide new potentially important methods of as- 
sessing orthopaedic knowledge. 


Development of a central computer item bank 
with appropriate programming for specialised 
test construction would allow computerised test 
administration on home computers. The most 
exciling potential contribution of computers to 
evaluation of orthopaedic knowledge would be in 
the development of computer simulations. Com- 
puter simulation can closely replicate the process 
of making a diagnosis, directing treatment or 
planning and guiding the performance of a proce- 
dure, and thereby overcome some limitations of 
current tests. 


Developing methods of measuring student pe- 
rformance on simulations and establishing the 
validity and reliability of simulations, as evalu- 
alion instruments, will require considerable ef- 
forts but they offer the promise of providing an 
important method of assessing orthopaedic 
knowledge. 


We as residents learn medicine with three ba- 
sic tools-books, clinical practice and above all the 
desire to learn. Medicine becomes complex be- 
cause there is much to learn. For the orthopae- 


dic resident, biomechanics is a difficult and un- 
palatable subject. Few residents have previous 
exposure to these engineering concepts in under- 
graduate or medical school. Adequate under- 
standing of biomechanical concepts however is 
fundamental to the practice of orthopaedic sur- 
gery. Recently computer aided instruction (CAI) 
has developed as an effective method of learning. 
Wide availability and increasing capabilities of 
the personal computers make computer aided 
instruction (CAI) more attractive. 


Implementation of newly-developed computer 
modelling techniques and computer graphic dis- 
play and software have greatly aided the ortho- 
paedic design engineer and physician in creating 
a custom implant with good academic conformity 
in a short time. Further advances in computer- 
ised design and manufacturing will continue to 
simplify the development of custom prosthesis 
and enlarge their niche in joint replacement mar- 
ket. 


I Electrical Stimulation for Repair of 
Bone: Current Concepts 


It is currently surmised by many orthopaedic 
surgeons that electrical stimulation simplifies the 
treatment of non-union of fractures. It is hypo- 
thesized by the advocates of electrical stimula- 
tion that there is a delicate interplay between ex- 
ogenous electrical energy and the complex me- 
chanical, electromechanical and biological proc- 
esses that naturally occur during the formation 
of bone. Although internal implantation of elec- 
trodes was the first method used in human 
beings, non-invasive methods were later devel- 
oped, including the use of inductive coupling and 
capacitive coupling. With these techniques, 
time-varying magnetic fields and time-varying 
electrical fields respectively are used to induce 
electrical currents at the desired site. Electrical 
stimulation was first used to enhance healing of 
bone in patients who had non-union of a fracture 
or congenital pseudoarthrosis of tibia. Co-opera- 
tion of the patient is important in the use of all 
electrical systems. The demonstrated physiologi- 
cal importance of bioelectrical potential has sug- 
gested that other pathological conditions could 
benefit from the controlled clinical application of 
electrical stimulation. Currently under intense 
investigation is its use for osteoporosis, OS- 
teonecrosis, wound healing, repair of tendons, 
and ligaments, prostheses that involve ingrowth 
of bone, fusion procedures, and other clinical 
disorders. The exact mechanisms by which the 
various electrical stimuli are thought to induce 
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an osteogenic response are still unknown. Me- 
chanical stresses from the stimulation apparatus 
itself, chemical electron transfer reactions and 
biological responses that include modulation of 
membrane potential and membrane transport 
are being implicated in the osteogenesis process 
following electrical stimulations. 


IV Advances in Orthopaedics 


There has been a remarkable progress in the 
various fields of orthopaedic surgeries but three 
most remarkable areas will be discussed. These 
are arthroplasty, the management of musculo- 
skeletal tumors and arthroscopy. 

1. Arthroplasty 

Loss of joint function has been recognized since 
antiquily. Osteoarthritis has been and remains a 
ubiquitous condition, perhaps genetically deter- 
mined, resulting in pain, limitation of movements 
and sometimes. ankylosis of the joint. With ad- 
vancement in modern technology it is possible to 
select prosthetic component parts sized to fit the 
patient, to select a total hip system from a variety 
of systems, and to use one of several different 
types of bone cement. A variety of configurations 
of both femoral and acetabular components parts 
is available. Currently biological fixation of total 
joint implants by means of bone ingrowth is the 
focus of considerable interest amongst orthopae- 
dic surgeons. Many advances have occurred in 
revisional total joint arthroplasties. After the ini- 
tial success of polycentric total knee, developed 
by Frank Gunston of Canada, we now have sev- 
eral designs of constrained, semi-constrained 
and non-constrained total knee systems. Shoul- 
der, ankle and elbow replacements are also on 
the cards. Finally, the ability to perform replan- 
tation of body parts, made possible by refine- 
ment of microsurgical techniques, represents an- 
other major advance in adult orthopaedic sur- 


gery. 
2. Musculoskeletal Tumors 


Bone and soft tissue tumors constitute a impor- 
tant and often perplexing problem. Over the past 
several years, major advances have occurred in 
the modalities of therapy of bone tumors other 
than surgery, mainly radiation and adjuvant che- 
motherapy. Recently, immunological approach 
to management of bone tumors have been tried. 
New approaches to the diagnostic system include 
techniques of biopsy, xeroradiography, skeletal 
scintigraphy, tomography, peripheral angiogra- 


phy, computed axial tomography and magnetic 
resonance imaging which help in early detection 
of bone tumors. 


3. Arthroscopy 


In the past three decades, there has occurred a 
remarkable explosion of interest and technology 
in regard to arthroscopy and arthroscopic sur- 
gery. It has grown from a small subspeciality in- 
terest, to a field which occupies much of the at- 
tention and time of a practising orthopaedist. It 
is difficult indeed to divorce this area of knowl- 
edge from the parent discipline. Whether in 
identification of a foreign body or a meniscal tear 
or diagnosis of unexplained pain in and around 
the knee, arthroscopy has evolved as a simple 
semi-invasive technique that comes as a great 
help to the clinician in solving intricate orthopae- 
dic problems without causing much discomfort 
to the patient. Its impact has been profound. If 
one views the broad field of orthopaedics and 
the many continuing advances, it is clear that its 
boundaries are virtually limitless and the future 
is more than promising. 


V Conclusion 


Orthopaedics as a discipline of surgery has 
gone a long way in the last 50 years. With in- 
creasing research and discoveries of principles of 
bio-mechanics, this branch will further progress. 
It is because of modern technology and research 
that we are developing, designing and fabricating 
newer locomotor devices like crutches, wheel 
chairs, calipers and braces. In a country like 
ours where poliomyelitis is still causing havoc, 
orthopaedic surgeons are fighting with bare reali- 
ties to evolve a strategy to eradicate this blot on 
mankind. 


It is also heartening to learn that newer tech- 
nology is aimed at reducing the patients’ stay in 
wards, early mobilisation, and effective rehabili- 
tation. Much has yet to be done. 
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Spinal Chair 


Low backache owing to osteoarthrosis, intervertebral disc problems and other ortho- 
paedic problems is a condition that frequently afflicts executives and professionals. 


A suitable chair, ergonomically devised to ensure correct posture of the pelvis, is now 
available. The shape of the seat cushion and adjustable height of the lumbar support en- 
sures this. Other adjustments like adjustable shoulder supports and a swivel column to 
alter the angle of sitting are also incorporated. 


Ref: medical focus 5/1986 pp 38 
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UROLOGY 


17.Present and Future Per- 
spectives of Application of 
Modern Technology in Urol- 
ogy 

Dr. N.P. Gupta* MS.M.Ch (Urology) 
I Introduction 


Urology is a branch of medicine which deals 
with urogenital system in males and urinary sys- 
tem in females. The era of organized urology be- 
gian with the formation of the Urology Society in 
1886 in France. This was followed by the incep- 
tion of the Urological Association of America in 
1902. The International Society of Urology came 
into existence in 1910. Historically, the ancient 
Indian surgeon Sushruta, granted urology the 
status of a speciality even earlier than Hippo- 
crates, but organised urology started in India as 
recently as 1961 with the formation of Urological 
Society of India. With the increase in our aged 
population, awareness of the people and recent 
developments in the management of various 
urological disorders, this branch of medicine has 
become very important. 


Technologies applied to urology include com- 
puters, sound, electronics, optics and radiophys- 
ics. Advances in imaging techniques like ultra- 
sound, CT Scan, magnetic resonance imaging 
(MRI), have significantly helped in proper diagno- 
sis. Interventional procedures in urology like 
endoscopic surgery has replaced a large number 
of open surgical procedures. Extra corporeal 
shock wave lithotripsy, percutaneous renal sur- 
gery, urelerorenoscopy, renal transplantation, 
urodynamics, andrology and impotence, mi- 
crovascular surgery, lasers, are other areas 
where significant advances have taken place. 
Computers are also playing an important role in 
data processing. 


II Modern Technology in Urology 
1. Endoscopies 


There is a constant endeavour in urology to 
replace open surgery by endoscopic procedures, 
thereby reducing the morbidity, mortality and 
hospital stay. Most of the endoscopic procedures 
are possible as day care. For quality patient 
care, it is essential to have a complete diagnostic 
and therapeutic kit. Benign prostatic hyper- 
plasia, carcinoma bladder, stricture urethra, 
vesical calculi, posterior urethral valves, etc, are 
various diseases which are now treated endo- 
scopically. 


The last decade has also witnessed remark- 
able development of flexible endoscopes. Most of 
diagnostic procedures of the lower urinary tract 
can be done in the office itself without admission 
of the patient to the hospital. 


2. Extra Corporeal Shock Wave Lithotripsy 
(ESWL) 


The ideal of stone disintegration from a dis- 
tance emerged in the R & D Lab of Dornier of 
West Germany, interested in manufacturing of 
supersonic aeroplanes. While studying the harm- 
ful effects of supersonic sound waves on solid 
structures like buildings and other R.C.C. struc- 
tures the idea emerged. The first machine was ~ 
installed in Munich in 1980. After that ESWL 
machines were installed in USA, Europe and UK 
and then all over the world. The most important 
limiting factor of this modality is its cost, both 
initial, maintenance, and replaceable spares. 
Naturally, in our country we are more concerned 
about this. Now second generation machines are 
available, which are cheaper and hopefully in fu- 
ture, new innovations would bring down the cost. 


ESWL is a noninvasive technique for manage- 
ment of renal and ureteric calculi. This is suit- 
able for monotherapy only for stones upto 2.5 
cms size. If the stone is larger, then PCNL and 
other auxillary procedures have to be combined 
with ESWL. Though it is a new technique, this 
will be the procedure of choice for the manage- 
ment of most of the renal and ureteral calculi. 
Any good urology centre should have this ma- 
chine along with facilities for percutaneous neph- 
rolithotripsy (PCNL) and ureteroenoscopy (URS). 
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3. Percutaneous Nephrolithotripsy (PCNL) and 
Ureterorenoscopy (URS) 


The first percutaneous nephrostomy was done 
by Goodwin in 1954. It was only in 1976 that 
stones were removed through the percutaneous 
route. Around 1978, the instruments and tech- 
niques for PCNL and URS were developed. The 
renal and upper ureteral stones can be removed 
by PCNL and lower and mid ureteric stones can 
be removed by URS. After the advent of ESWL, 
which is a noninvasive technique, the incidence 
of PCNL has come down but in the management 
of large complicated stones, PCNL and ESWL are 
complimentary to each other. 


Flouroscopic imaging is essential for PCNL 
and URS. Puncture and dilation is done under 
flouroscopic imaging. The endoscopes are avail- 
able by which ureteroscopy and ureteroscopic 
removal of stones have become easier. 


The equipment consists of highly specialised 
urological table with facilities for image intensi- 
fier or C-are flouroscopic imaging with transpar- 
ent top urological table, TV monitor and ultra- 
sound machines. The cost of the equipment and 
that of disposables make the procedure expensi- 
ve initially, but considering the overall advan- 
tages of less morbidity, short hospital stay and 
early return to work, these techniques prove 
cost-effective in the long run. 


About 95% of renal and ureteric stones can be 
managed by ESWL, PCNL and URS as monother- 
apy or a combination, and only less than 5% of 
cases will require open Surgery. 


4, Renal Transplantation and Haemodialysis 


Chronic renal failure can result due to a vari- 
ety of medical and surgical conditions. If a pa- 
tient develops chronic renal failure, his life ex- 
pectancy is limited, unless he is treated by hae- 
modialysis and finally by renal transplantation. 


Renal transplantation is a well established op- 
eration. In the West, cadaveric donors are ac- 
ceptable but in our country, only living donors 
are acceptable. Time has come when ’tissue law’ 
may have to be introduced, so that cadaveric 
transplants can be done. 


The essentials of renal transplant consist of 
good haemodialysis facilities, tissue matching, 
meticulous surgery and post-operative care to 
minimize complications. Rejection is a serious 
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problem but with the use of cyclosporine, the life 
of graft and patient can be increased. The cost 
and toxicity of cyclosporine is a prohibitive facor. 
5. Male Infertility and Impotence 

This field of urology was long neglected due to 
social taboos. The incidence of the condition was 
grossly underestimated. On proper investigation, 
it has been found out that in infertile couples, 
males can be responsible in upto 40% of cases. 


Proper evaluation of infertile male is essential 
to know whether the cause is medical or surgical. 
Accordingly treatment is to be instituted. With 
advances in microsurgical techniques, the re- 
sults of vasoepididymal anastomosis, vaso-vasal 
anastomosis and artificial spermatocoele have 
significantly improved. Operative microscope 
and microsurgical instruments are essential for 
proper microvascular surgery. 


Proper evaluation of impotency is essential to 
know whether patient has psychogenic, vascular, 
endocrinologic or neurologic cause. Nocturnal 
penile tumescence (NTP), Doppler studies for vas- 
cular flow are necessary to know the cause for 
impotency. After diagnosis,proper treatment is 
possible. Various type of penile prosthesis, flex- 
ible with metal cores, hinges, inflatables with 
special reservoirs and self-contained inflatables 
are available. The problems of prosthesis are 
that in about 30% of cases complications may 
arise and patient will need a change of prosthe- 
sis. Cost is also a prohibitive factor. Medical 
therapy by injection papaverine and phenotolam- 
ine has shown encouraging results. 


6. Ultrasonography 


This modality of investigation and treatment is 
not quite new, but it has taken quantum leap in 
the last decade and has established its place 
firmly in urology. New generations of equipment 
for imaging various systems are available. Vari- 
ous modes and two-dimensional sonography has 
helped in getting excellent pictures of the urinary 
system. Various special probes have opened new. 
avenues e.g. rectal and urethral probes for de- 
tails in prostate and bladder pathologies. 


Sonography has also helped in localisation of 
various parts of urinary system with accuracy 
and thus helped in invasive procedures like renal 
biopsy, percutaneous nephrostomy(PCN) and 
tract dilatation, renal cyst and perirenal collec- 
tions, aspiration, prostatic biopsy, etc. Second 


generation ESWL machines have used sonogra- 
phy for “localisation of calculi, instead of using 
image intensifiers. 


Ultrasonic waves in other forms have been 
used for stone disintegration. Various probes 
have been developed to reach the ureter, renal 
pelvis and calyces via endoscopes, and, with light 
contact and ultrasonic wave, disintegration of 
most calculi is achieved. 
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Excellent quality of computers assisted tomo- 
graphy (CAT) has contributed to imaging of uri- 
nary system, and very small lesions upto 1 cm. 
size can be detected. It has also helped in accu- 
rate staging and treatment of malignancies of 
G.U. tract and CT guided biopsy is also possible. 
Ultrasonography and CAT scan are complimen- 
tary to each other and have their own indications 
in various urological diseases. 


8. Magnetic Resonance Imaging (MRI) 


This is a great advance over CAT scan so far 
as pinpointing small lesions, mainly neoplastic 
lesions,is concerned. Absence of radiation is 
one advantage, but more important is the prom- 
ise of predicting the malignant nature of the le- 
sion. Here, again cost is a limiting factor in our 
country. At present, only two machines are 
available but in the next decade, prices may 
come down and this could be a commonly avail- 
able investigation. 


9. Radio-Isotope Imaging 


The last decade has seen a significant devel- 
opment in radio isotope imaging of the urinary 
tract. Gamma cameras are available. One can 
visualize the differential functions of each of the 
kidneys. 


These techniques are useful for diagnosis in 
obstructive pathology, transplant rejection, vesi- 
coureteral reflux, renal trauma, etc. They are 
useful in follow-up because radiation exposure is 
less. The initial cost of the machine is high, but 
in the long run they are cheaper in comparison 
io radiologic procedures. 


] 0. Urodynamics 


About two decades ago, this entity entered 
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into clinical urology with a big bang. Initially , 
there was lot of enthusiasm and large number of 
studies were done in all variety of urological dis- 
orders. The proper utility of this machine is now 
well known. Urodynamic assessment of bladder 
and urethra is essential in neurovescical dys- 
functions for instituting proper treatment. Neu- 
rovescical dysfunctions of urinary bladder can 
result from congenital defects of spine, head in- 
jury, cerebrovascular accidents, fracture spine, 
diabetes mellitus, Parkinson’s disease, benign 
prostatic hyperplasia, etc. 


11. Lasers 


Lasers have been tried in almost all fields of 
surgery and urology is not behind others. Vari- 
ous modes of lasers have been used. Initially, it 
has only replaced the knife, as a much sharper 
and precise cutting instrument. But laser endo- 
scopic procedures have added to the armamen- 
tarium of the urologist in the management of su- 
perficial bladder tumours and ureteral tumours. 
Experiments are being conducted for welding 
ureters with sutures as in blood vessels and in 
disintegration of calculi in endourology. 


12. Computers 


As in other fields of medicine, computers are 
also used in urology. They are used for recording 
details in the office, surgical scheduling pro- 
grammes, maintaining surgical census logs, ef- 
fective utilisation of medical data-base pro- 
grammes on microcomputers, slide filing sys- 
tems, news, letters etc. 


To conclude, we should aim that by 2000 A.D. 
every state should have a well developed centre 
for urological care and every medical college 
should have a department of urology. 


Every urological centre should have facilities 
for imaging like ultrasound, CT scan, endoscopic 
surgery, endourology & ESWL, haemodialysis | 
and renal transplant, urodynamic equipment, 
uro-oncology, andrology, microvascular surgery, 
radioisotope imaging, computer, etc. Cost is pro- 
hibitive factor and this may appear an uphill 
task in government sector, but it is possible in 
the private sector. After the initial cost, the re- 
turn is faster because of rapid patient turnover, 
minimum morbidity, short hospital stay and 


early return to work. 


18.Current State and Future 
Developments of Noninvasive 
Treatment of Human Urinary 
and Biliary Stones with Ex- 
tracorporeal Shock Wave 
Lithotripsy: An Update 


Gerhard J. Fuchs, M.D. and 
Christian G. Chaussy, M.D. 


Extracorporeal shock wave lithotripsy (ESWL) 
has now been in clinical use for seven years and 
has replaced other treatment techniques of the » 
majority of surgical calculi located in the upper 
urinary tract. 


It provides for the first time a completely nonin- 
vasive method for the treatment of renal and ure- 
teral stones. The current range of its indica- 
lions includes approximately 70% of nonselected 
urinary stone palients. An additional 25% of pa- 
tients with more complex stones in the upper 
urinary tract can receive treatment with the li- 
thotripter ESWL, when combining the method 
with endourological procedures. More recent ad- 
ditions to the range of clinical applications with 
the original device, the Dornier Kidney lithot- 
ripter ESWL®, have been its use on common bile 
duct stones in combination with either endosur- 
gical or radiological manipulations, and with a 
modified Dornier Kidney lithotripter, gallstones 
have been treated successfully in the past three 
years. Currently, approximately 30% of gallstone 
patients are eligible for ESWL treatment. 


The principle of noninvasive disintegration of 
human urinary and biliary calculi has been ex- 
tensively described.'® The underlying physical 
principles of shock wave treatment of calculi in 


the human urinary tract and galltract are: (1) 
generation of shock waves outside the body; (2) 
focusing of the shock wave onto an area distant 
from the generation area and coupling of the 
shock wave into the body; and (3) localization 
and positioning of the respective treatment target 
into the treatment focus. '® 


The selective utilization of the destructive po- 
tential of shock waves for the disintegration of 
brittle stone material (whereas surrounding soft 
tissues are transversed without adverse side ef- 
fects), constitutes a major breakthrough of mod- 
ern technology in the medical field. The physical 
phenomenon that governs the fragmentation of 
calculi is the rapid build-up of a pressure gradi- 
ent when shock waves encounter solids of differ- 
ent acoustical properties. The acoustical proper- 
ties of fluid (degassified water) and most bodily 
tissues are similar. Therefore, the shock wave 
transverses these media with minimal loss of en- 
ergy. The destructive effect of the shock waves 
occurs when the shock waves encounter materi- 
als with different acoustical properties, such as 
fluid and brittle solids. This creates a strong ten- 
sile force in the solid. Mechanical breakdown on 
the surface of the solid will take place once the 
tensile force exceeds the solid’s comprehensive 
strength. ' 


The first clinical application of this method 
took place in February of 1980 in Munich, Fed- 
eral Republic of Germany. In 1983, the Dornier 
HM 3, the third generation model of the lithot- 
ripter, was the first commercially available 
model, and beginning in 1984 it was distributed 
worldwide. The major features of this machine 
include: the water tub with the integrated focus- 
ing ellipsoid, the spark plug at the focal point Fl 
of the ellipsoid (electrically-induced shock wave) 
and the biplane x-ray system. The patients is 
positioned on a hydraulically moveable gantry 
and all functions (EKG-triggered shock wave re- 
lease, stone localization, and patient movement) 
are initiated from a central control panel. ' 


There is no doubt that ESWL in its original 
setting, with more than 350,000 successfully 
performed procedures, has become a most valu- 
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able asset to the urologist and greatly benefits 
urologicak stone patients (Table 1). During the 
short period of time elapsed since the introduc- 
tion of ESWL, the management of urinary stone 
disease has completely changed, and ESWL has 
almost completely supplanted open surgical and, 
to a lesser extent, endourological approaches.** 
1228 Jt provides for the first time a completely 
noninvasive method for the treatment of renal 
and ureteral stones. The range of its indications 
has been gradually broadened to finally include 
approximately 70% of nonselected patients with 
stones located in the upper urinary tract. (Fig. 1) 
An additional 25% of patients with stones in the 
upper urinary tract can receive treatment with 
ESWL lithotripter when combining the method 
with endourological procedures, such as percuta- 
neous stone removal, perculaneous reconstruc- 
tive surgery of anatomical alterations (stenosis 
distal to the stone, precluding proper elimination 
of disintegrated stone debris), and stone manipu- 
lation techniques via the retrograde transure- 
thral route (stone manipulation with stents or 
ureteroscopy (Fig. 1). ?°°* Clinical experience has 
shown that only few limitations to the safe and 
efficient use of ESWL as monotherapy in the 
treatment of urolithiasis remain. Approximately 
70% of patients can receive ESWL alone; more 
complex stones require auxiliary procedures, 
namely endourological or open surgery. Those 
25-30% of cases, where the combination with 
endourological or open surgical techniques is ad- 
visable, are technically demanding and should be 
reserved for the stone centers where extensive 
’ experience with all alternative techniques of uri- 
nary stone treatment exists. 


Treatment of common bile duct stones 


More recent additions to the range of clinical ap- 
plications with the original device, the Dornier 
kidney ESWL lithotripter, have been ils use on 
common bile duct (CBD) stones and with a modi- 
fied Dornier kidney lithotripter, gallstones have 
been treated successfully in the past three 
years. 35-40 


Treatment of CBD stones is performed on the 
kidney lithotripter and follows the principles es- 
tablished for the treatment of radiolucent stones 
(administration of contrast dye to visualize the 
stone as filling defect). The patients are treated 
in supine position under epidural anesthesia, 
and more recently analgosedation has been ulil- 
ized. Indications of the original Munich group 
were mainly CBD stones after failed endoscopic 
sphincterotomy.**°* More than 100 cases have 
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been successfully performed at 15 centers in a 
European study group, and in the United States 
a controlled study involving six centers just re- 
cently started. Results of the two groups report- 
ing the largest series (Munich 21 pts., Wuppertal 
16 pts.) confirm a similarly high success rate as 
in the treatment of urinary stones (greater than 
80% stone free) and attest to the clinical safety of 
the procedure. *°*° 


For the treatment of gallstones a modified 
Dornier HM 3 apparatus has been used success- 
fully on more than 250 patients for over two 
years now. The modifications include a patient 
gantry adjusted to accommodate patients in a 
prone position, which allows the shock wave to 
enter from the ventral part of the body (less tis- 
sue interposed), a generator and focussing ellip- 
soid with changed characteristics to obviate the 
need for anesthesia, and a biplane ultrasound 
system for stone localization. The current selec- 
tion criteria and the range of indications are de- 
picted in Fig.2. Presently, the investigational 
treatment protocol limits the number of shock 
waves to 1600 per treatment session and all pa- 
tients also receive treatment with ursodeox- 
ycholic and chenodesoxycholic acid for stone 
dissolution. Experimental studies have proven 


the increased efficacy of dissolving agents after 
ESWL has fragmented the stone(s) and increased 
the overall stone surface accessible to the agent. 
37,38 Treatment results of the Munich group (134 
pts.) and the Wuppertal group (86 pts.) attest to 
the efficacy, safety, and clinical reliability of this 
new and promising method (Table 1 


:. 39,40 


Table 1 


ESWL-RESULTS OF URINARY STONES 
e Stone-free at three months 85% 
e Spontaneously passable 11% 


ESWL-RESULTS OF COMMON BILE DUCT 
STONES 
e Stone-free at three mmonths 
e Spontaneously passable 
(Pancreatitis 3% 


83% 
17% 


ESWL-RESULTS OF GALL STONES (6 months) 
¢ Stone-free 77% 
¢ Residual 23% 
(No major complications) 


Lithotripter hardware changes 


In the recent past, clinical trials involving lithot- 
ripters other than the Dornier lithotripters have 


been performed at a number of centres in Eu- 
rope, Japan, and the United States. In the follow- 
ing, an allempt is made to assess the current 
status and future potential of these new devices 
based on scientific and product information fur- 
nished by the various manufacturers (Dornier, 
Edap, International Biomedics, Medstone, Sie- 
mens, Technomed, Wolf, Yashiyoda). 


Lithotripters, both the original model, as well 
as the new experimental devices, have four main 
features: an energy source, a focusing device, a 
coupling medium and a stone localization system 
(Table 2, Figs. 3-6). %''4!°?, By now, after seven 
years of clinical application, the use of shock 
waves as an appropriate means of contact-free 
disintegration of urinary stones is well-estab- 
lished. In the original setting,shock waves gener- 
ated by a spark discharge of a capacitor in a wa- 
ter bath have proven the safety, reliability, and 
reproducibility of this energy source. 


The objectives for the use of alternative energy 
sources are: equal or better performance and 
better cost-effectiveness. Basically two different 
types of energy sources, point sources and ex- 
tended sources, are being used to generate shock 
waves. The point sources are the spark plugs 
(Dornier, Medstone, Technomed), which produce 
a high voltage discharge-induced shock wave, the 
laser induced shock wave (International Bi- 
omedics), and thirdly, the microexplosive ignition 
shock wave (Yashiyoda, Fig. 4). Extended 
sources are the electromagnetic shock wave em- 
itter (EMSE) by Siemens and the piezoelectric 
shock wave emitter (PESE) by Edap and Wolf 
(Figs. 4-6) The shock wave sources in the EMSE 
and the PESE systems basically consist of two 
conductors with an insulating layer between 
them, which emit a plane shock wave. IN the 
case of the EMSE system a magnetic field is es- 
tablished between the two conducting layers, a 
coil and a metal membrane. Changes of the im- 
pulse current to the coil result in movements of 
the membrane, which induces the shock wave 
inside the fluid (Fig. 5). The resulting shock 
wave is focussed onto the target by means of an 
acoustical lens and is coupled to the surface of 
the body utilizing a water cushion (Fig. 5). 4”: The 
PESE energy source utilizes a multitude of pie- 
zoelectrical plates, instead of the coil and mem- 
brane of the EMSE system. An electrical field is 
established between the conducting layers and 
the resulting shock waves are propagated th- 
rough either a water-filled bag (Edap) or a small 
water basin (Wolf, Fig. 6). *?:465!52 Table 2 depicts 
the basic differences between the spark electrode 
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(Dornier) and various other experimental energy 
sources, as far as information was made avail- 
able to the authors. %!!:4!-5 


The currently used spark plug provides an 
almost constant energy output when the set life 
span is observed. The experience of all groups 
operating the Dornier lithotripter attests to the 
absence of any technical problems with the spark 
electrode.'° The microexplosion lithotripter 
(Yashiyoda) produces shock waves by laser igni- 
tion of lead acid pellets, and uses an ellipsoid for 
focusing with the patient sitting in a partial wa- 
ter bath.** Inconstant energy levels at the focal 
point F2 and a cumbersome x-ray localization 
technique are the major shortcomings of this de- 
vice and result in a high number of second ses- 
sions and auxillary procedures (Table 3). The 
EMSE (Siemens) *”7 and the PESE (Edap),*° (Wolf) 
12,48.51.52 devices are undergoing first clinical trials 
in Germany, France, and more recently in other 
countries. Preliminary results indicate that they 
are all effective in fragmenting kidney stones. 
However, the PESE energy sources are not ca- 
pable of building up the same peak energy levels 
as the Dornier HM3, which may explain the 
higher number of second sessions (Tables 2,3). 


Ultrasound as a means of stone localization is 
utilized with the Edap (LT_1010), Technomed 
(Sonolith 2000) and Wolf (Piezolith 2200) lithot- 
ripters. ‘ 

With the use of sophisticated ultrasound equ- 
ipment this may offer reduced x-ray exposure 
and cost savings when used in conjunction with 
the management of ESWL patients. However, at 
this point there is still no ultrasound device ava- 
ilable that allows the same accuracy of discrimi- 
native judgments during the treatment com- 
pared to the biplane x-ray system of the original 
device. Preliminary results of groups, using ul- 
trasound localizing devices who have extensive 
experience with “conventional” ESWL, are en- 
couraging. °'°? At this point the problem ares 
are the unfamiliarity of many lithotripter opera- 
tors in proper ultrasound interpretation, and ul- 
trasound localization is a time-consuming proce- 
dure. Also, a detection of urethral stones and 
CBD stones is very difficult or even impossible in 
many cases. This of course limits the range of 
indication for such a device. Urethral stone and 
CBD stone treatment are well-established and 
documented indications for ESWL with the origi- 
nal device. 717.1831.35.36 Similar results were ob- 
tained with the Dornier HM 4, 4! the anesthesia- 
free modified Dornier HM 3. 4!495° Experience 


with the treatment of ureteral stones exists also 
with the Siemens device,’” whereas the ultra- 
sound localization of the PESE and the Tech- 
nomed devices rules oul ureteral stone and CBD 
stone treatment, or at least makes it a time-con- 
suming procedure with unpredictable outcome. 


The next field of development is the genera- 
tion of the so-called “tubeless lithotripter.” In the 
original device, water has been found to be an 
ideal coupling medium because its physical prop- 
erties are siniilar to those of bodily tissues. ®%”!? 
Any device replacing the well-known water-tub 
should allow for easier patient handling, require 
less space, and be equally reliable. 


The advantage of not having to immerse the 
patient in water lies in the ease of patient han- 
dling and improved passive patient safety by 
minimizing the hypotensive effect of submersion 
on the cardiovascular system. Currently, all in- 
vestigators, including Dornier, are experimenting 
with tubeless devices or a water basin of reduced 
size. 911.4152 Certain problems, however, are still 
not resolved, such as achieving a pressure bal- 
ance in a closed system. The generation of shock 
waves in a closed system results in the formation 
of air bubbles, which in turn imposes problems 
in achieving effective propagation of the shock 
waves. A second problem is the difficulty en- 
countered in applying the coupling device to the 
body. For shock wave coupling to occur without 
loss of energy it is mandatory that there be no air 
between the coupling device and the body. Espe- 
cially in cases of skeletal abnormalities or in pa- 
tients with percutaneous nephrostomy tubes, 
this will be hard to accomplish with the nontub 
devices. *! 


Since the introduction of ESWL several anes- 
thesia techniques have been employed. Most 
groups utilize regional anaesthesia (epidural 
catheter anesthesia) and only approximately 25% 
of users employ general anesthesia routinely. 
The high frequency jet ventilation technique en- 
joyed some attraction because the use of this 
technique may reduce the respiratory excursion 
and thereby reduce the number of shock waves 
missing the target. However, the technical diffi- 
culty of applying this type of anesthesia and the 
introduction of effective respiratory trigger de- 
vices have made this technique obsolete. Sev- 
eral centers use local infiltration of the skin entry 
area in an effort to reduce the amount of anes- 
thetic.>35> Some of the new devices require much 
less anesthesia (intravenous sedation and intra- 
muscular analgesics [Dornier HM 4, GM 2, and 


modified HM 3, Siemens Lithostar]). 4!:47:49.50 
Other devices even offer the prospect of anesthe- 
sia-free shock wave treatment because of the dif- 
ferent characteristics of the shock wave at the 
skin entry site and lower overall energy density. 
This mainly applies to the piezoelectric devices 
(Edap, Wolf).42:4%4%°152 Clinical trials will have to 
show the applicability of this concept. Other fea- 
tures of some of the new devices, such as the in- 
creased versatility of a multifunctional urological 
x-ray table (Siemens, Medstone), are mainly of 
economic relevance; from a clinical standpoint 
they seem to be compromises. 


Lithotripters currently in clinical use are: the 
Dornier lithotripter HM 3 (watertub); the Dornier 
lithotripter HM 4 (tubeless version); the modified 
Dornier HM 3 gallstone lithotripter; and the 
Dornier lithotripter GM 2, which is specifically 
dedicated to gallstone treatment (ultrasound lo- 
calization, anesthesia-free). Furthermore, six 
more devices recently started first clinical trials 
(in alphabetical order), the Edap LT 101, the 
Medstone 1000, the Siemens Lithostar, the tech- 
nomed Sonolith 2000, the Wolf Piezolith 2200, 
and the Yashiyoda device. As of July 1987 the 
Dornier HM 3 (12/1984), in its hospital-based 
and mobile versions, as well as the Dornier HM 4 
have received the Food and Drug Administration 
(FDA) approval. The Medstone, Siemens, and the 
Technomed devices have received permission by 
the FDA to conduct clinical studies to evaluate 
the safety and efficacy of their devices for the 
treatment of urinary stones under an Investiga- 
tional Device Exemption (IDE) at a maximum of 
six centres in the United States. The installation 
of the first units just recently started and some 
centres have already commenced treating pa- 
tients. The current status and the preliminary 
results of the clinical trials are depicted in Table 
3. 


In conclusion, significant efforts and attempts 
at changing the existing device to improve its 
performance have been made -and some of the 
preliminary results indeed hold promise for the 
future. However, these alterations await testing 
in larger clinical series to establish the same de- 
gree of efficacy, safety, and reproducibility as is 
known for the original devices. More extensive 
multicenter studies, such as those under the 
FDA IDE, need to be performed before the rou- 
tine use of alternative technical concepts for non- 
invasive disintegration of human urinary and bil- 
iary stones can be considered. 


All these changes, recent and ongoing, indi- 


cate that we certainly have not yet reached the 
end point of the development of this method and 
its clinical applications in urology and other 
medical fields. The future certainly will bring 
about anesthesia-free ESWL devices, and further 
improvements in ultrasonography also will result 
in the development of reliable ultrasound local- 
ization systems for biliary and urinary stones. 


The different characteristics of future ESWL 
devices will open totally new aspects in the treat- 
ment of urinary and biliary stone disease and,as 
far as ESWL monotherapy is concerned, many 
patients can be conveniently treated in an office 
out-patient setting. Due to the design and work- 
ing features of the new devices, space and per- 
sonnel requirements will be greatly reduced and 
a significant reduction of the cost of consum- 
ables is forseeable. °°? Anesthesia will still play 
a role in the treatment of complicated stones, 
that need combined treatment of any kind, and 
also in patients who require the use of alternative 
techniques (endourology, endosurgery). 


It is certain that the progress of ESWL repre- 
sent a dramatic change in the management of 
urinary stones by which invasive approaches 
have been superceded by a noninvasive proce- 


dure. The preliminary results with the ESWL 
treatment of biliary stones indicate that in this 
field similar changes may be foreseeable. Every 
new development has to be measured against the 
current standard in ESWL set by a high perform- 
ance device. As we know from experience it is 
not an easy task to meet high performance stan- 
dards, ascertain patient safety and clinical relia- 
bility, and at the same time offer improved tech- 
nical features and better cost-effectiveness. 
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Table 2 


COMPARISON OF TECHNICAL DATA OF VARIOUS SHOCK WAVE MACHINES 


Shock Wave 
Generator 
(Focusing Device) 


Localization 
(X= X-ray 
(U=Ultrasound) 


Coupling 
Medium 


Spark Gap (HM 3) 
(Ellipsoid) 

Spark Gap (HM 4) 
(Elliposid) 
Modified 

Spark Gap 
(Technomed) 
(Ellipsoid) 
Microexplosive 
(Yashiyoda) 
(Ellipsoid) 
Electromagnetic 
(Siemens) 

(Lens) 
Piexoelectric (Wolf) 
(Bowl) 
Piezoelectric (EDAP) 
(Bowl) 


Bath 


Membrane 


Limited 


Bath 


Bath 


Membrane 


Limited 
Bath 
Membrane 


Peak 
Pressure 
(Bar) 


No. of 
Apllications 
Future without change 


Pain-free 
Treatment 
Today 
50-1500 NO YES? 1 
50-1000 YES 1 


c NO 


TABLE 3 RESULTS OF ESWL FOR URINARY STONES-COMPARISON OF CLINICAL EXPERIENCE 
OF VARIOUS LITHOTRIPTERS 


No. of 


patients having 


Start of No. of 
clinical use cases 


No. of 


Model centres 


Dornicr 
(11M 1,2,3) 
Dornier 
HIM 4 
EDAP 


Feb. 1980 300,000 270 4-8 


1985/86 
1985/86(?) 
Medstone Sept.1986 
Siemens Feb. 1986 
Technomed 1985/86? 
Wolf 1986 
Yashiyoda 1985 


450 
L75* 
<20 
>800 
161 
>1000* 
<100 


* Renal stones only 


ESWL INDICATIONS 1987 
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| 
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® Ureteral stones 
(selected cases) 


® infected stones 


© Partial staghorn stones 
(nondilated RCS) --~ 
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@Ureteral stones 
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@ Open surgery 


FIG. i: Current ESWL indications for the treatment of urinary stones. 


ESWL INDICATIONS 1987 
Biliary Stones 


Single stones <3 cm 
ye 3-4 stones <3 cm total 
Common bile duct (HM3) 


GENERAL 
CRITERIA: 
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Functioning 
galibladder 


No infection 


FIG. 2: Current ESWL indications for the treatment of biliary stones. 
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FIG. 3: Schematic drawing of Dornier Lithotripter HM 3 (center: ellipsoidal reflector with 
shock wave source in focal point F1, stone localized in focal point F2, biplane x-ray system). 
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FIG. 4: Schematic drawing of the shock wave emission of spherical and extended energy 


sources. 
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FIG. 5: Schematic drawing of the electromagnetic shock wave emitter-lithotripter (Sie 
mens). 


shock waves. Europ Surg Res 1979; 11:36. 

6. Chaussy C, Brendel W, Schmiedt E: Extracor- 
poreally induced destruction of kidney stones by shock 
waves. Lancet 1980; 12(3):1265. 

r <a Chaussy C, Schmiedt E, Jocham D, et al: First 
. Clinical experience with extracorporeally induced de- 
struction of kidney stones by shock waves. J Urol 
1981;157:417-420. 

8. Chaussy C, Schmiedt E, Jocham D, et al: 
(Chaussy CG (ed):) Extracorporeal Shock Wave 
Lithotripsy. Karger, Munich-Basel, 1982. 

9. Heine G: Physical aspects of shock wave treat- 
ment, in Gravenstein J, Peter K (eds): Extracorporeal 
Shock Wave Lithotripsy for Renal Stone Disease. 
Boston-London, Butterworths, 1986, pp 9. 

10. Finlayson B: Geometry of and pressures with 
ESWL, in Gravenstein J, Peter K (eds): Extracorporeal 
Shock Wave Lithotripsy for Renal Stone Disease. 
Boston-London, Butterworths, 1986, pp 19. 

Il. Forssmann B: Technical innovations of the 
Dornier kidney lithotripter. First International Sym- 
posium on Anesthesia and ESWL, June 20, 21, 1986, 
Munich. 

12. Chaussy C, Schmiedt E: Shock wave treatment 
for stones in the upper urinary tract. N Amer Clin 
Urol 1983; 10(No.4):743-750. 

13. Schmiedt E, Chaussy C: Extracorporeal shock 
wave lithotripsy of kidney and ureteric stones. Urol Int 
1984; 39:193-198. 

14. Fuchs G, Miller K, Rassweiler J, et al: Alterna- 
tives to open surgery for renal calculi: Percutaneous 


108 


Piezoelectric Shockwave Emitter PESE | 


[ 


Piezo-Elements 


Trigger 
Unit 


Backing 


: | Generator 


Capacitors 


Piezoelectric Lithotripter 


—— PULSE GENERATOR 
Webs: 
Unit 


High 
Voltage 
Generator 


Switching 
Device 


FIG. 6: Schematic drawing of the principle of piezoelectric lithotripters (Edap, Wolf). 
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I Introduction 


Trauma is prevalent since the origin of man- 
kind. 
medical services are getting organized for prepar- 
edness to salvage human life from accidents and 
resultant trauma - an outcome of modern civili- 
zation. Medical science has always stood up to 
the challenges since Florence Nightingale tried to 
organize delivery of medical services during the 
Crimean war. Mankind in modern times has re- 
alized the extent of trauma in case of a nuclear 
war: the present day newspapers are full of major 
and minor accidents resulting from a fast pace of 
modern life. 


II Morbidity and Mortality Due to 
Trauma 


Figures of mortality/morbidity are, unfortu- 
nately, not available for our country. United 
States of America, however published that in 
1981, trauma was the leading cause of death in 
the first four decades of life - approximately, 
1,50,000 people died due to trauma. The main 
categories were automobile accidents accounting 
for 30% followed by gunshot wounds - 22%. The 
mortality of trauma in 1988 alone is mentioned 
to be three times the total number of America’s 
combat related deaths in entire 11 years period 
of Vietnamese war. The total annual cost of deal- 
ing with trauma, to American society is esti- 
mated to be 88 to 100 billion dollars. 


It is only in the 20th century that the 


It is expected that the mortality figures for our 
country would be comparable or most probably 
more damaging. The cost of trauma care would 
of course would be much lower, because of non- 
existent, to, very primitive accident and emer- 
gency services. 


Deaths due to trauma 


It would be necessary to know the mode of 
death after trauma in relation to the duration of 
survival of the victims.’ 

A) Immediate deaths:(50%) The nature of in- 
jury makes this group non-salvageable. Ex- 
amples being lacerated brain, ruptured heart or 
severe asphyxia. 

B) Early deaths(30%) These occur within two 
hours of injury and the victims are potentially 
salvageable. Examples are pneumothorax, rup- 
tured liver or spleen, excessive blood loss etc. 

C) Late deaths: (20%) These occur within two- 
three weeks following injury, examples of this 
group being, sepsis and multiple organ failure 
syndrome. 


OI Management of Trauma & Acci- 
dents 


The management broadly should be consid- 
ered under the headings of A) Prevention B) 
Treatment and C) Education. 


A) Prevention:- Public education needs to be 
undertaken on various subjects like use of auto- 
seat belts, helmets, alcohol and driving, preven- 


tion of fire hazard in multistoreyed buildings and 


similar topics. 


B) Treatment:- Immediate management is for 
the people on the spot. Involvement of all the 
citizens would be necessary for the scheme. 
Television is one of the most effective mode of 
widespread education to the public and should 
be utilized to a maximum extent. The subsequ- 
ent treatment should be planned with a scheme 
of “Accident & Trauma Centres”. These need to 
be equipped with all available medical sophistica- 
tion provided by modern technology. It needs to 
be efficiently supported by effective modes of 
communication and transportation. Details will 
be discussed later. 
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C) Education: Public education in schools, 
colleges and through media should involve all 
citizens at all levels of society - mainly directed 
towards prevention and immediate management 
of accident and trauma victims. 


The medical profession needs seminars and sym- 
posia for updating on modern concepts and ad- 
vances reported in the medical literature. 


IV Approaches to Management of 
Trauma and Accident Victims 


The systematic approach to prompt treatment 
of trauma/accident victims lies in the organiza- 
tion of accident and emergency centres. A net- 
work of such centres needs to be established all 
over the country. The whole management is a 
team work with a mullidisciplinary approach. No 
single speciality can deal with all the medical 
problems of trauma. The discipline of anesthesi- 
ology however, will have responsibilities in all the 
phases of trauma management. 


Anaesthesiology involvement 


(i) Systematic training on the principles and art 
of resuscitation immediately after the accident/ 
trauma, to medical personnel, police, firebrigade, 
ambulance drivers/assitants and in fact to every 
citizen of the country. 

(ii) Prompt resuscitation on arrival to the acci- 
dent centre/hospital. 

(iii) Anaesthesia for various surgical interven- 
tions. 

(iv) Intensive care management of the critically ill 
patients providing support to the vital functions. 


The other specialities involved are general sur- 
gery, neurosurgery, cardio-vascular & thoracic 
surgery, orthopaedic surgery, neurology and car- 
diology. The support of radiology, pathology etc. 
would be required for these medical services. 


The sophisticated equipment for the above 
specialities would be a long list but it must be re- 
alized that modern medicine of this nature is an 
ever increasing expensive commitment and hu- 
man life can not be valued in rupees or dollars: 


The accident/trauma management system 
can be considered under the following major 
headings. 

(i) Communication network 

(ii) Transport system - ground, air (rotary and 
fixed wing), sea or river line. 

(iii) Prehospital therapy 


(iv) Trauma registry to collect and record the data 
(v) Medical treatment at fully equipped hospital/ 
centre. 


A medical governing board should ensure 
quality performance.* The Americal College of 
Surgeons’ defined three levels of trauma care. 
Level III: It can review, resuscitate, stabilize and 
arrange transfer of a casualty to a definite centre 
of medical care. 

Level II: It can review, resuscitate and perform 
most emergency surgery. It can also provide 
I.C.U. facilities and provide for long term reha- 
bilitation. 

Level I: It has the capability of Level II and in ad- 
dition, it has a surgeon and an anesthesiologist 
available round the clock besides a coverage for 


all the necessary superspecialities like C.T.V.S., 


neurosurgery, brain unit, spinal and head injury 
centre; 


Thus 70 to 80% of injuries can be managed at 
level II and III. It is only the very serious and 
critically ill patients (15-20%) who need to be 
managed at level I. Although pre-hospital care is 
important, the approach described above is de- 
bated,®® whether critically injured patients 
should be directly taken to level II & III even 
when the facilities of Level I are immediately 
available. It seems reasonable, in our opinion 
that ‘basic life support’ (B.L.S) should be pro- 
vided at the site of accident and continued dur- 
ing transport to level I or II facilities, where ‘ad- 
vanced life support’ (A.L.S.) measures could be 
instituted when necessary. 


Ne Communication system and network 

It is essential that communication from the 
place of injury to base hospital/trauma centre be 
highly efficient. In the advanced countries, there 
is radio contact with walkie talkies, between the 
team on the spot and the hospital where the pa- 
tient will be taken eventually. It serves two pur- 
poses. a) to guide the personnel on the spot, on 
immediate management. b) to forewarn the hos- 
pital of the arrival of the casualty and the clinical 
condition, so that the hospital can gear itself for 
effective management of the injured. 


It is not only important that the communica- 
tion system be present but it should be kept in 
working condition by regular use or repeated re- 
hearsals if necessary between the various team 
using it. Nothing serves to highlight this fact 
more than the recent assassination of our late 
Prime Minister. Though there was efficient two- 


way radio contact between the base hospital and 
the PM’s house, in the ensuing stage of panic, 
the system was not utilized, so much so that, il 
was not until the patient was brought to the hos- 
pital, that the base system was organized to start 
its function. Even the special ambulance 
equipped for the purpose was not used. This 
was in spite of repeated rehearsals held previ- 
ously. In the Bhopal gas tragedy, a large number 
of victims could have been saved with efficient 
communication system and existence of an acci- 
dent centre. : 


A perfect example of an efficient communica- 
tion network is the medical system prevailing in 
Australia which has been working effectively over 
the past three decades. Australia has a peculiar 
problem of having a very low population in a very 
large territory. Thus it has far-flung areas where 
only a small population lives, or perhaps only a 
single family. The only way of reaching the near- 
est hospital is by air which can take several 
hours. 
amount of basic medical advice by radio to the 
spot, in order to deal with the injury. These iso- 
lated population centres have an efficient method 
of contacting the nearest hospital by telephone, 
wireless or T.V with satellite linkages, when the 
actual scene can be transmitted to the local hos- 
pital. It is possible to transmit various data like 
ECG, chest x-rays almost instantly to the base 
hospital where the data is analysed and the cor- 
rect mode of treatment immediately radioed 
back. Such a system of course tends to be costly 
but it is definitely very effective. It should cer- 
tainly be possible in the future to start linking 
the various rural P.H.C.s. in similar manner to a 
base hospital to deliver medical care in the re- 
mote areas of our country. 

3 Transport System 

Whenever an accident occurs, various studies 
°678 have shown that the speed of transfer of a 
patient to the nearest advanced treating centre 
may be of utmost importance in saving lives and 
minimizing mortality and morbidity. In fact, it is 
perhaps the single most important factor. A 
study’ has shown that, following trauma, valu- 
able time is lost in trying to stabilize a patient at 
the place of injury. The support can never be 
enough to save the patient. This only reinforces 
the fact that the victim should be transferred as 
early as possible to the nearest hospital or a level 
II or level I facility. The transport system for 
transfer of trauma victims can again be modified 
according to the area. Since our country has a 


Thus it is necessary to impart some | 
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range of terrain and geography, basically the 
transport system can be divided into two broad 
categories: - 
a) For urban areas (b) For rural areas 

These two areas can be further subdivided 
into plain areas, hilly areas or riverine areas. 
The transport needs and priorities will be differ- 
ent in the above defined areas. 
a) For Urban areas 

Where roads are good a motorised ambulance 
service may suffice to shift the patient. A road 
vehicle is good enough to serve a radius of upto 
perhaps 50 km. from the base hospital. Any- 
thing beyond this would require the need of a 
helicopter. Thus all modern hospital buildings 
should have facilities for takeoff and landing of 
such vertical landing and takeoff aircraft. Some 
times even in urban centres such aircrafts may 
be needed to by-pass congested traffic lanes. In 
almost all the rich nations of the world such fa- 
cilities already exist, and in our country even 
with the limited financial resources, we have to 
work towards such a facility by the year 2000 
AD. 
b) In rural areas 

Depending on the areas:- 
i) Motorised ambulances could be used if 
roads are available. 
ii) If it is a hill area or an area where no roads 
are available the Vertical Landing and Take Off 
(V.L.T.O) aircrafts must be used as a necessity. 
c) Motorised launches could be used if it is a 
riverine areas. 

Further it is emphasized that whatever the 
mode of transport used, it should be equipped 
with the various basic life support systems like - 


Ambu bag and oxygen cylinder 
Endotracheal tubes and airways 

Suction machine 

Portable ventilator 

All kind of I.V. fluids 

DC shocker with ECG monitor 

Emergency drugs 

A stretcher or more, particularly to immo- 
bilize the patient with spinal injury. 


The immediate management may continue 
while the patient is being transferred . It can be 
staffed with para-medic or even trained physician 
if available and provided suitable communication 
with the base hospital. 
np Pre-Hospital Therapy 
One of the biggest controversies in the man- 
agement of A.E.S. is the status of pre-hospital 


therapy (P.H.T.). %7%91°1! Nevertheless pre-hospi- 
tal resusCitation and stabilization of major 
trauma victims is being increasingly employed. 
There is a strong school of thought’ which says 
that in acute and serious trauma, the patient 
ought to be transferred immediately to hospital 
where all facilities exist: otherwise valuable time 
may be lost which could be critical. In support of 
this a study by J. Philip et al® evaluated 52 con- 
secutive trauma cases in which patients had a 
blood pressure of less than 100 mm Hg either at 
the scene or on arrival at the hospital. In all 
cases, transport time to hospital was less than 
intravenous establishment time. Thus the bene- 
fits of one such emergency manoeuvre such as 
fluid administration was neutralized by loss of 
time. Fluid volume infused had little influence 
on final outcome. A percentage of patients with 
correctable surgical lesions might have been sal- 
vaged, had prompt transport been instituted. 
They concluded that the manoeuvers in critically 
injured patient should be minimized to decrease 
ultimate mortality & morbidity. 


Nevertheless where the base hospital is far off 
some kind of pre-hospital stabilization may be 
required. 


These would include:- ) 

i) Placement of I/V lines 

ii) Rapid infusion and use of pneumatic 
shock garments 
Endotracheal intubation with esopha- 
geal obturator 
Ambu bag ventilation 
Oxygen therapy by mask 
Administration of emergency drugs 


iii) 


iv) 
v) 
vi) 


In a study of 100 cases of cardiac arrest fol- 
lowing trauma Mcswan et al'° demonstrated that 
average time for starting an I/V line was 11 min- 
utes. This delay would appear surprising but 
one must remember the constraints under which 
a para-medical team works which may contrib- 
ute to the delay. Para-medics are usually under 
radio control of emergency department physi- 
cians; the resuscitator must assess the patient 
by examination, then contact the physician for 
erders. Thus by the time new orders could be 
sought for, valuable time is lost. Ventilatory ma- 
nagement i.e. endotracheal tube insertion may 
also be problematic in such conditions. 


- Another recent study '*:'* as evaluated in a se- 
ries of 158 cases of cardio-pulmonary arrest, 
demonstrated that placement of esophageal ob- 
turator required more than 4 minutes and the 
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device could not be placed in 20% of the cases. 
Further attempts made could consume time 
though the salvage rate was less than 4% in the 
series. Thus each of the above procedures con- 
tribute to delay in transfer of victims to the facil- 
ity where definitive treatment can be started and 
the delays avoided. Hence it is recommended 
that in all injuries except the 15% which are 
critically ill, following guidelines may be followed. 
a) If the injury is within 5 to 20 minutes of a 
major hospital immediate transfer should be car- 
ried out. 

b) ‘If transport time is going to be more than 
30 minutes e.g. in rural areas, then on the spot 
resuscitation and some form of pre-hospital ther- 
apy may be beneficial. 

Cc) In urban areas, while transfer is being ef- 
fected simultaneous I/V line and ventilation co- 
uld be established. 

d) However the seriously injured patient sh- 
ould be transferred to a level I or II hospital im- 
mediately. 

4, Hospital Care 

After the arrival of the patient in the hospital, 
the nature of care to be rendered will depend on 
the condition in which the patient reaches the 
hospital, and also upon the available medical fa- 
cilities. In 1976 the “American College of 
Surgeon’s Committee on Trauma*" presented op- 
timum guidelines for the care of trauma pa- 
tients. These have been subsequently updated 
and revised. The intent of the guidelines is to 
fulfil the three R’s that is to get the Right patient 
to the Right hospital at the Right time. The 
guidelines categorized facilities into three levels 
described earlier. The modern technology must 
be brought to its full use in the care of patient at 
all levels. As has been said earlier the difference 
between level I and level II facilities are minimal. 


Another important fact in the pre-hospital 
care is to determine as to when and where sh- 
ould the patient be taken. In attempts to solve 
the problem, efforts have been made to catego- 
rise patients into Triage according to severity of 
injury. The three categories are shown in table I. 


It is obvious that category I patient will de- 
mand highest facilities; if possible they should be 
taken to the highest level of hospital care avail- 
able nearby. This will depend upon the availabil- 
ity of transport e.g. if a swift transport like a heli- 
copter is available, then a patient can be straigh- 
taway transferred to the level I facility. It is also 
logical to presume that if rapid transportation 


with highly trained para-medics to inilialte resus- 
citation enroute is available, it is best to by-pass 


the lower levels of care. 


This can be instrumen- 


tal in cutting down morbidity and mortality. 
Table II° will support this statement. 


After a patient’s arrival in the hospital he/she 
is immediately categorized as in table I and the 
actual care begun. The management should be 
started on the good old principles of ABCDE. Be- 
fore we start description of ABCDE it is impera- 
tive to emphasize that the moment a patient ar- 
rives in the hospital (A.E.S Centre) the full pano- 
rama of modern monitoring techniques should be 
brought into action. All the possible monitoring 
should continue alongside the resuscitation and 
curative efforts. 


4.1 


i) 
ii) 
iii) 
iv) 
v) 
vi) 


vii) 
viii) 


4.2 


i) 
ii) 
iii) 
iv) 
v) 
vi) 
Vii) 
Viii) 
ix) 
x) 


Monitoring of Basic Recordings 


Blood pressure 

Pulse rate 

Respiratory rate 

ECG - 

Charting of Glasgow Coma Scale (G.C.S.)!® 
Complete general physical examination so 
as to form a basis for future reference. 

Full description of all basic injuries. 

Blood samples should be drawn immedi- 
ately for basic lab data while I/V line is 
being started. If a peripheral vein is not 
available then a central vein like femoral or 
jugular should be cannulated 


Advanced monitoring 


B.P. (a) non-invasive (b) invasive 
Pulse oximetry 

Capnography 

AN ie 

Pee Wer: 

Cardiac output 

Temperature monitoring (especially for the 
very old and very young) 

Cerebral Function Monitor (C.F.M.) 
Evoked potential 

Arterial blood gas analysis 


Of all the above sophisticated monitoring tec- 
hniques perhaps the most important would be 
pulse oximetry as it is easy to setup, non-inva- 
Sive in nature and can tell us about the actual 
oxygen delivery to the tissues second by second. 
With modern technology it is possible to monitor 
most of the above parameters while patient is 
being transferred in an ambulance or aircraft 
and convey the data by telemetry so that immedi- 
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ate instructions for management can be trans- 
mitted to the team on the spot. 


It will also be fairly evident that all efforts as 
resuscitation, treatment and monitoring have to 
continue simultaneously and one should not be 
at the cost of others. 


After arrival of the patient in casualty ward, 
apart from the above stated Triage method of 
categorizing patient on the basis of his injuries, 
various other methods have been devised so as to 
predict the eventual outcomes. This also helps 
in better standardization of the actual care to be 
delivered. 


In assessing the severity of illness or injury, 
the scoring system is essential for improving the 
results. 

(i) Field triage 

(ii) Planning, allocating, and evaluation of medi- 
cal resources 

Assessing the effectiveness of medical care 
in reducing morbidity and mortality. 
Institutional auditing. 


(iii) 
(iv) 


Currently the A.I.S. (Abbreviated Injury Score) '6 
and I.S.S. '” (Injury Severity Scale) is the most 
widely used anatomic trauma severity index. It 
will be worthwhile if we can develop something 
similar along these lines for our country. Then, a 
standard format could be made out which couid 
be then circulated to all the hospitals, medical 
centres, and P.H.C.s, so as to enable standardi- 
zation of trauma countrywide. It will also enable, 
the actual treating team to arrive at quick man- 
agement decisions. 


4.3 A.I.S. (Abbreviated Injury Scale) 


First developed in 1971. For the purpose of 
scoring, the body is divided into seven main re- 
gions. 


External 

Head (including Face) 
Neck 

Thorax 

Abdomen and pelvis 
Spine 

Extremities 


(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 


Severity code is as follows: 
Minor 


Moderate 
Serious 


Severe 

Critical ¥y 

Maximum injury virtually fatal 
Unknown 


The information for scoring each particular in- 
jury is obtained by consulting the A.I.S diction- 
axy., 


The A.I.S. is created to describe the individual 
injury but il soon became evident that it was de- 
sirable to have severity scale describing the pa- 
iient as a whole. Thus evolved the I.S.S. '§ (In- 
jury Severity Scale). 


4.4, I.S.S (Injury Severity Scale) 


It was developed by Baker et al 1974 to evalu- 
ate motor vehicle injury with multiple trauma. 
He studied a group of 2018 patients and evolved 
the scale. He made the following observations. 


i) Morbidity increases with A.I.S. grade of 
severe injury 

But relationship was not linear 

The mortality increased with regular in- 
crements when plotted against the square 
of A.I.S grade (Quadratic relationship) 
When patient with identical A.I.S. grade 
for their most severe injury were com- 
pared,the injuries in the 2nd or 3rd body 
regions tended to increase the risk of 
death. 


ii) 
iii) 


Including the fourth and fifth more severely 
injured areas produced no significant increase in 
the correlations between the total injury severity 
and mortality. Subsequent to introduction of 
Lowe. Aeitiniver of studies *°*".'°.” have shown 
its utility as a predictor of morbidity/mortality 
and as a tool of epidemiology studies. 


An important addilion to the index of severity 
was the introduction of concept of LD 50'% It is 
defined as a severity of injury that is lethal dose 
for 50% of the patients. Bull'® found age depend- 
ent relationship and determined that LD 50 was 
A) I.S.S 40 for 15 to 44 years of age B) 29 for 45 
to 60 years of age and C) 20 for 65 and above. 


4.5 Technique for scoring I.S.S 
The first step is to grade all injuries for a given 
patient form one to six. According to the part of 


body affected, I.S.S regions are 


Head and neck 


(i) 


(ii) 
(iii) 
(iv) 

(v) 


(vi) 


Face 

Chest injuries (including bones and spine) 
Abdomen or pelvis 

Injuries to extremilies and pelvic girdle 
External injuries including contusions, 
avulsions, burns lacerations. 


When all injuries have been graded ISS code 
of most severe injury is recorded by ISS score of 
scoring table. I.S.S. is thus obtained by summa- 
rizing the squares of all I1.S.S and A.I.S . code in 
each of the three most severely affected areas 
Highest I.S.S attainable is 75. 


Thus to summarize: 


a) Field Triage (Table I) is useful for field cate- 
gorization of injuries to be used as a guideline for 
immediate care in the pre-hospital period. 


b) The A.LS. and I.S.S. are useful for evalu- 
alion of patients on arrival in the hospital. They 
are useful as predictors of the ultimate outcome 
of the injury. 


rh Treatment 


After a proper assessment has been made and 
basic monitoring started, it is imperative to start 
appropriate therapy to the patient. It s good to 
follow the tested and tried methodology of 


A B c D E 
Airway Breathing Circulation Drugs  Electr- 
cal 
Support 


The placement of B,C,D, and E after A, does 
not mean that all cannot be done simultaneously 
and in fact should be and can be done together. 
This order is made to provide a rough guideline, 
because unless the airway is secured and bre- 
athing stated, no matter what one does with C,D, 
E it is not of any use. Oxygen delivery to the tis- 
sues has to be established. Hence the impor- 
tance of AB being placed first. 


A) Airway control will depend upon the status 
in which the patient arrives. For example if the 
patient already has an endotracheal tube in situ, 
the patient is straightaway connected to a venti- 
lator. The airway assumes utmost importance 
especially in the following patients-i) uncon- 
scious, ii) head injury, iii) with severe maxil- 
lofacial injury, iv) in severe cervical injury v) with 
severe chest injury. 


All the above patients will require intubation 


immediately. This will be followed by:- 


B) Breathing - 


with ambu bag 
mouth to tube 
mouth to mouth 
with ventilator 


Both A and B help to improve delivery of oxy- 
gen to tissues, decrease carbondioxide level and 


diminish acidosis. 


All this is especially impor- 


tant as proper oxygenation is important for the 
long term survival and prevention of damage to 
the vital organs and to improve the viability of 
the patient. 


(C) 
() 

(i) 
(i 


(iv) 


(v) 


(vi) 
(vii) 
(viii) 
D) 
i) 
ii) 
iii) 


iv) 


v) 
vi) 


E) 


(a) 


Circulation 


Start of large bore I/V line, and multiple 
lines if 1.S.S. is high. 

I.J.V. or cephalic vein for C.V.P. 

Insert P.C.W.P. catheter 


Start fluid therapy with either colloids or. 


crystalloids 

Start arterial line - Radial or femoral 

Blood transfusion especially in extremes of 
age. 

1.A.B.P. to be inserted (Intra Aortic Balloon 
Pump), if necessary. 

External cardiac compression (E.C.C.) if 
cardiac arrest has occured. 


Drugs 
Adrenaline 
Vasopressors - Dopamine 
- Dobutamine 
- Isoprenaline 
Calcium 
Steriod shock - 100 mg of 
pack decadron 
1000 mg of 


hydro-cortisone 
2000 mg of Methyl prednisolone 
Xylocard for any ventricular arrhythmia. 
Specific drugs for specific problems e.g. 
morphine for pulmonary edema, digoxin 
for C.H.F and hyperbaric oxygen for car- 
bon monoxide poisoning. 


Electrical support 


D.C. shock- external 2 joules per kg. inter- 
nal maximum 45 joules. 


(b) Cardiac pacing 


The last resort in the event of cardiac arrest 
after the basic life support measures fail to re- 
suscitate, is to start internal cardiac compres- 
sion, In a major hospital setting this can be life 
saving and must be resorted to. After the patient 
has been revived, he can be shifted to the opera- 
tion theatre for treatment of specific injuries. 


But in the event of a very severe injury i.e. 
1.S.S. of beyond 50 it may be prudent to take the 
patient straight to the operation theater so that 
no time is wasted and the B.L.S can continue 
along with specific surgical measures. 


V Conclusions 


Summarizing modern concepts of accident/ 
trauma, it could be concluded:- 


Centralized Accidents & Trauma _ Services 
should be developed to deal with the increasing 
number of cases of accidents and injuries. The 
need to have such service should be considered 
as national health service priority keeping in view 
that: 

- 50 percent of all categories of accident 
cases admitted are due to traffic accidents. 

- There is no organisation efficient enough to 
deal with these large number of injuries 
and accident cases. 

- The hospital beds are inadequate to deal 
with this vast problem. | 

- An efficient transport system to lift these 
patients from the scene of accident does 
not exist. 

- It has been realized that the most efficient 
treatment of accident cases should start 
from the scene of accident itself. 


It is essential to have- 

i) An efficient communication system. 

ii) Speedy transportation of the accident vic- 
tims for immediate first aid and resuscita- 
tion, starting from the place of accident. 

iii) Co-ordination and harmonious working 
with the other hospitals, especially identi- 
fied for this purpose. 

iv) A multi-disciplinary approch for the treat- 
ment of poly-trauma cases involving all the 
surgical and medical disciplines. 


uuIeM pue AIp UTYsS 
OOT-09-d 
‘OI[0}SAS OOT aaoqe dq 


sotinfut [eorsojoinsu ON 


soinyoely 
jeseu ‘yYoou puke pesy 9} 
jo suorsnjuod 3afduns 


OZ-OT 9}e1 Atozemdsa1 
‘ssansip Arojemdsoi oN 


sopinfur [eutmopqe on 


soinjoel poyeoydwooun 


da189p 9}e19poUul 
jo satinfurt anssjy yos 


¢ A1os9}e9 


Joos AT} YSIS 
0} ULIBM UFYS ‘OOT-09 
as[ng ‘d1[O}SAS OG 9aoge qq 


uosiod pue s0e]d ‘aun 
0} podJUSLIO‘SsaUSNOTISUOD 
JO SSOT JUDTSURLL 


(JUSUIDATOAUT OUTdS [eOTAIZ9 
IO IG[NOSBA [BOTAIVO 

Jofeur 10 AeMite yNOUIM) 
‘QIN}JOVIF [PTORJ 

J[SUIS YIM eUuINeI] [RIOR Y 


OT MO[9q 10 O%™ 

saoge 9}e1 A1o}yeIdso1 
‘SJUDUIPSIS Posey] }NOYWM 
soinjoey qu sdninw 


uotsuaj}odAy suronpoid 
jou euInel} SuNeIM9U0d 
Io [euTmopge jun[g 


saiInjoely 
pasojd 10 uado asus 


SUTPI21q PIZTIqeys 
sotinfut ansst} yJOS 


Z Alosayeg 


eee tL 


‘6d ‘O86I fiuvnigay ‘suoabing fo abajjog undliawy ay} fo uljajjng ay} woly , 


ajed usyse 


*‘Pl[Oo UTYS ‘OG MO[9q I0 OOT IAOKGe 


as[nd ‘dI[0}sAs OG MOTIq dq 


sisAjered ‘satinfut ferueiro uado 


‘SUBIS SUIZI[e19]e] ‘SuLN\sod 


‘SSIUSNOTISUOD JO SSO] PasuOo[oIg 


f 


UOISIA SuTjoaye satnfur pue 
sainpoey perry afdninur 
‘auIds [BOlAI99 puke *YO9U 
‘20RJ 0} BUINeT] JUNTG pue 
suleioued usdo ‘sounfur 
[BIOVJOT[IXeUI 919A9S 


OT MOTIq 10 OE 
aaoqe aje1 Aroyeitdsa1 
sotinful jsayo sqeisup 


uotsua}odAy 
JIM payeroosse usyM 


Ayperoadsa ‘satinfur feurmopqe 


sunesmjousd 10 Jung 
sounfur [eoejoyrxXeul 
IIIAIS ‘SIIN}OBIJ 
orajed ‘sainjoRly usadO 


SUIP9z[q PayjorUC.UN 


d1I9Aas ‘Satinfut uoTs—nay 


{ Arosa}e9 


,S}UITJLT BUMBIL JO UOT}EZIIOSI}ED PI 21 FIGeL 


SUSIS [CTIA 


[BoIso[OInsN 


Azoyertdsai 1addn 
‘yoou pure peoH 


1S24D 


uswiopqy 


SdIn}JOeL J 


ansst} JOS 


UI9}SAS 


Table Il: Relation of Mortality to Time Interval Be- 


tween Injury and Treatment. 
See ee 


Conflict Interval(Hrs.) Mortality(%) 
SS a oa ea ae 

World War I 12-18 8.5 

World War II 6-12 5.8 

Korean War 2-4 2.4 

Vietnam War 1-4 1-7 
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Computers and Infor- 
mation Management In 
Health Care 


20.Computers in Hospital 
Management 


Vipul Jain* 


I Introduction 


Computers in health care are well accepted the 
world over, as clinical and diagnostic aids, to im- 
prove patient care, tone up administration, facili- 
tate accounting and enable effective manage- 
ment control. An important application has been 
in hospital management, where computers have 
been an effective tool for doctors, nurses, admini- 
stration and management alike. 


Computer-Aided Hospital Management is a rela- 
lively new area in our country. There have been 
a few attempts at computerising accounts, billing 
or medical records as off-line, stand alone appli- 
cations. Perhaps the first integrated Hospital 
Management system operationally successful 
was at the Breach Candy Hospital , Bombay in 
1985. Subsequently many hospitals like the Cu- 
mballa Hill Hospital, Sir Harkissondas Nurro- 
tamdas Hospital, Jaslok Hospital in Bombay, 
Kasturba Hospital in Manipal and the Apollo 
Hospital in Madras have gone in for computerisa- 
tion. Others like AIIMS and Escorts Heart Re- 
search Institute in Delhi are in the process of ex- 
perimentation with hospital computerisation. 
Probably the first hospital in the country to go for 
total computerisation including patient care ma- 
nagement will be the Kothari Hospital in Cal- 
cutta. 


From these varied experiences, two themes 
clearly emerge firstly, successful computerisation 
can yield many tangible benefits to hospital 
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management, and secondly, the process of com- 
puterisation is complex and requires consider- 
able preparation and specialist expertise. Given 
the universal trend of falling prices of computer 
equipment and the emergence of excellent soft- 
ware, specially designed for hospitals, there is no 
doubt that in the next few years we will see a 
major wave of computerisation in the health care 
sector. In this article we will briefly cover some 
of the typical problems, application areas, bene- 
fits and the steps involved in hospital computeri- 
sation. 


II Some Typical Problem Areas 


A research survey amongst hospitals reveals 
some interesting areas where computers can 
help. 
* Medical directors spend undue time and at- 
tention in managing routine administrative 
chores, leaving inadequate time to solve 
medical and clinical problems. 


Hospitals lose between 2-5% of their reve- 
nue from paying patients because of serv- 
ices/materials not being correctly billed. 
This in turn reflected adversely on their 
ability to provide free services. 


Pilferages aside. hospitals can reduce their 
expenditure on drugs, medical supplies, 
test kits, x-ray films etc, by atleast 5 - 10% 
by proper inventory controls. 


Costly medical equipment is often under- 
utilised or even unused because of inadeq- 
uate monitoring of maintenance and capac- 
ity utilization. 


Nursing care can be very much facilitated if 
paperwork is reduced, test, drug and diet 
requisitions are automatic and up-to-date 
patient data is available. 


Medical audit, epidemiological analysis, co- 
mmunity surveys and medical education 
and research are areaS where major im- 
provement can result if patient medical rec- 
ords are computerised. 


Majority of patient complaints are related 
to the administrative efficiency in the hos- 
pital. 


Coping as best as we can, these problems remain 
in degrees that vary from hospital to hospital. 
The root of these lie in the very nature of the hos- 
pital environment -24 hour high volume of data, 
dynamic nature of information, and very large 
number of people involved in different depart- 
ments. 


Certainly, computers with their intrinsic power 
can play a major role in this situation. Comput- 
ers can act as a communication link between 
departments and allows the common database to 
be shared by them. The computer can manage 
the complex task of securing the data as re- 
quired. Well-designed, integrated computer sys- 
tems can be a great tool in the hands of the hos- 
pital management in improving services, control- 
ling cost and ensuring optimal utilisation of fa- 
cilities. 


II Computer- Aided Hospital Man- 
agement system 


Typically a minicomputer is installed in the hos- 


pital, with terminals in various departments of 
the hospital like Admissions, Billing, OPD, Path- 
lab, Radiology, Pharmacy, OT and Finance and 
Administration. If patient care management is 
also to be computerised, terminals are installed 
at the ward nurse stations and medical record 
sections also. The size and capacity of the com- 
puter would depend on the size and workload in 
the hospital. 


The terminals or workstations are used by the 
concerned staff in the department to carry out 
various functions. Like an airline system, the 
Hospital Management System is real-time i.e., in- 
formation is up-to-date at all time. The worksta- 
tion is used for all routine work-admitting pa- 
tients, preparing bills, test results, nursing pla- 
ns, etc. The system is very easy to use and can 
be used by clerks, nurses, technicians and other 
hospital staff with some simple operating in- 
structions. 


The computerised system maintains a single, 
common database for the entire hospital. Thus 
there is no duplication of work and all transcrip- 
tion errors are automatically eliminated. Being 
integrated, the system acts like a communication 
channel in the hospital, routing messages and 
patient data wherever required. 


It is likely that the entire computerisation project 
is not implemented in one stage, but in phases. 


To enable this phased computerisation, it is es- 
sential that the system is designed modularly, 
with each module providing full integration with 
other areas. Such modular and integrated de- 
sign cannot be an afterthought, but must be 
planned right from the beginning. The schematic 
in fig.1 shows a total hospital information system 
and the various modules are described below. 


1. Admission/Transfer/ Discharge System 


This module provides the base for the In-patient 
Management System. It handles bookings, ad- 
missions, transfers and discharges of patients in 
the hospital, thereby making available accurate 
patient and bed census. The system permits pa- 
tients to be preadmitted as far in advance as the 
hospital desires. The system automatically keeps 
control of bed availability. The admission process 
is handled totally on the computer including bed 
allocation procedures. Any changes in the pa- 
tient census, like transfer,births, deaths or dis- 
charges are immediately reflected in the system. 


The ADT system provides for a variety of patient 
related information in enquiry form. These are 
available either hospital-wide or for specific nurs- 
ing locations. These provide for efficient bed 
management, proper routing of test results and 
messages, accurate point-of-service charging, 
timely patient statistics and related census infor- 
mation for both doctors and management. 


2. Patient Billing System 


This module caters to all the functions relating to 
patient billing, cashiering and accounting. Not 
only are patients kept up-to-date at all times but 
collections can be tallied and all requisite ac- 
counting records automatically produced. 


The system includes facilities like deposit ha- 
ndling,autoposting of bed charges,doctors fee ac- 
counting, etc. A complete audit trial is main- 
tained including the time,location,ID and 
voucher details. If the diagnostic lab, pharmacy 
or OT modules are installed, the charges to pa- 
tient bills may be automatically raised at those 
areas with full integration to the patient billing 
system. 


3. Nurse Station System 


The nurse station system envisages terminals lo- 
cated in each ward for patient care management. 
The heart of the system is its capability to man- 


age nursing care instructions. Test requisitions 
dietary requirements, drug administration sched- 
ules and other related orders can be entered into 
the system, either in the form of standing in- 
structions or for a specific future date and time. 
The orders are communicated to concerned de- 
partments, and also scheduled to provide for 
nursing plans. Control over unexecuted orders 
ensures their timely compliance. 


4, In-Patient Medical Records 


This module enables the hospital to maintain pa- 
tient medical records and retrieves them quickly 
and efficiently. 


The medical record includes demographic data, 
WHO disease and procedure codes and the dis- 
charge summary. The reference to patient file by 
name, registration no. and admission date is 
maintained for quick retrieval. The system also 
provides for a variety of statistical reports to aid 
research and planning. 


5. Investigative Labs 


This module caters to the activities of the pathol- 
ogy, radiology and other diagnostic facilities in 
the hospital. It enables tests to be requisitioned 
billed and thereafter results to be printed. Test 
results reporting provide for over 250 different 
formats, which can be customised by the hospi- 
tal itself. Management reports include summary 
statistics on tests done on daily/monthly basis. 


This module integrates fully with both the on-pa- 
tient management modules as also out-patient 
department. 


6. Pharmacy Management 


This module manages the billing, cashiering and 
stock control functions of the pharmacy. Inte- 
gration with on-palient management provides a 
look up facility for patient information, drug re- 
quisitions and simultaneous posting to patient 
bills for pharmacy charges. 


The system automatically manages stock ac- 
counting, controls expiry dates and even pre- 
pares purchase advices based on preset reorder 
levels. It enables hospitals to offer drug facilities 
to its inpatients while ensuring a smooth, trouble 
free and profitable centre. 


7. Operation Theaters 


This subsystem is designed to facilitate the book- 
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ing and scheduling of OTs and billing for opera- 
tions including charges for materials and sup- 
plies used. Operation theaters can be blocked 
for any future date for a scheduled surgical pro- 
cedure. The system automatically keeps track of 
availability of theatre facilities. Operation 
charges are posted onto the patient bill apart 
from providing departmental summaries. 


8. OPD Registration 


With this module all OPD patients are registered 
and allotted an OPD registration number. Visits 
to doctors, labs and other facilities can be sched- 
uled centrally. This module also serves to pro- 
vide a base for out patient management includ- 
ing medical records and billing. 


9. OPD Billing 


Out-patients can be billed for doctor’s consulta- 
tion, tests done and other services that are ava- 
iled. These bills can be settled either completely 
or even carried forward for multiple-visit package 
treatments. 

10. OPD Medical Records 

The OPD Medical Records module helps manage 
the patient history built up during multiple visits 
to the hospital. The symptoms, investigations 
and treatment notes can be preserved for each 
visit to build up a case paper. Diagnosis-wise 
analysis, and epidemiological studies, are some 
of the potential uses of the patient data thus col- 
lated. 
11. Revenue Audit 

The charges raised at various departments are 
brought together to form a consolidated daily 
revenue trial balance for the hospital. Audit and 
revenue controls can be easily and effortlessly 
implemented to ensure that there are no revenue 
losses. Patients’ outstanding balances, deposit 
control balances, and daily cash collections are 
reconciled on a daily basis. 


The module also enables costing of services to 
free patients. It completely eliminates late cha- 
rges, accounting and audit problems. 

12. Medical Superintendant’s MIS 

This module is specially designed to provide the 
management of the hospital with key indicators 
to review the progress. Revenue, departmental 
contributions, occupancy statistics, capacity ut- 


‘lization of various facilities, doctor's contribu- 
tion, stocks and supplies statements are some of 
the important areas included to form a concise, 
accurate and timely management information 
system. 

13. Financial Accounting 

The Financial Accounting module covers the gen- 
eral ledger system along with debters and 
creditor's subsidiary ledgers. It provides for con- 
solidation of revenue from the ‘front officer’ sys- 
tem and automatic posting into the customer ac- 
counts for credit or insurance claims. Features 
for preparation of departmental revenue/expen- 
diture statements, budgetary control reports, 
statement of accounts, balance reports etc. make 
this a powerful accounting and financial control 
tool. 
14. Purchase And Inventory Control 

This module streamlines the purchase and stores 
control in the hospital. 
supplies, consumables, spares and other stores 
iiems can be handled by this powerful subsys- 
tem. Placement of purchase orders, follow up for 
deliveries, stock control and accounting, ABC 
analysis and other such functions can be con- 
veniently and smoothly carried out. Wastages, 
spoilage, and leakages can be eliminated and be- 
tter prices obtained through timely and planned 
purchase management. 

15. Payroll 

This module computerises the employee payroll 
accounting for the hospital. It caters to the labo- 
rious task of preparing payslips, cash/bank sta- 
tements, payroll summary, deparimental sum- 
maries and other related documentation. The 
system also handles the accounting of Provident 
Fund contributions, employees’ loans and other 
welfare schemes at the hospital. 


16. Equipment Maintenance 


Hospitals have many costly medical equipment 
and monitoring their maintenance is critical to 
providing health care services This module pro- 
vides for managernent of warranty and post-war- 
ranty contracts, and both breakdown and pre- 
ventive maintenance. The sysiem keeps the 
management informed about equipment down, 
action being taken and followup required. It gen- 
erates up-time statistics to facilitate discussion 
with vendors and evaluation of equipment and 
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services. It also monitors the status of critical 
spares so that the hospital is well equipped to 
keep its scarce resources fully utilized. 


IV. Benefits-Summary 


Efficient Administrative Procedures 


HMS streamlines and reduces administra- 
tive workload right through the hospital. 
Duplication of effort, errors, delays are very 
much reduced in all departments leading to 
efficient work methods. 


Better Patient Service 


Administrative efficiency, timely test results 
preparation, better nursing care and effec- 
tive medical audit all add upto better serv- 
ice to patients. The impact is visible in all 
areas of interaction with the hospital. 


Control of Costs 


HMS provides a way to control pilferages 
and wastages of lab supplies, drugs and 
other material very effectively. Up to date 
departmental revenue/expenditure statem- 
ents lead to timely management control on 
overheads. There is also a definite reduc- 
tion in administrative / clerical staff re- 
quired in the hospital. 


Better Utilization of Facilities 


Bed management and allocation proce- 
dures, scheduling of facilities and monitor- 
ing of equipment, maintenance, are contr- 
ibutory factors to better utilization of facili- 
lies. Further, timely statistics help in bet- 
ter planning, costing and direction to ac- 
hieve oplimal return on resources. 


Elimination of Revenue Losses 


Being service oriented, it is essential that 
revenue from paying patients in not lost to 
the hospital due to errors. HMS provides a 
way to eliminate revenue losses and audit 
revenue on a day-to-day basis. 


Better Nursing Care 


The nurse-stalion module, reduces the pa- 
per work to be maintained by nuising staff 
while providing an infallible communication 
system to service departments. Thus any 


oversight, transcription errors or delays in 
requisitions are avoided. Further, schedul- 
ing and preparation of nursing plans is 
greatly facilitated. 


Meaningful Medical Audit and Research 


Comprehensive medical records are a valu- 
able resource for medical audit and re- 
search. HMS helps the hospital maintain 
its high medical standards and attract the 
best talent. 


Informed Management Action 


HMS. keeps the hospital administrator tot- 
ally informed so that he can manage the 
hospital better-information that helps plan, 
control and direct the future of the hospi- 
tal. 
V Implementing Computerisation 
Since computerisation in the hospital affects the 
day to day functioning of each department in the 
hospital it needs to be carefully planned and me- 


ticulously executed. Some pointers on the road 
to successful computerisation are given below: 


The major components in any computerisation 
project are: 


r The hardware, i.e. the computer equipment 

Zs The application software, i.e. the pro- 
grammed set of instructions suitable for 
hospital applications. 

3. Projects Management and support services 


Very few hospitals would be able to implement 
the integrated hospital management without the 
services of external consultants. The reason for 
this is simple-development of the software is a 
{ime consuming and costly process and requires 
in depth computer expertise. The effort for devel- 
oping a comprehensive integrated hospital man- 
agement system is about 25-30 man years which 
means hiring and maintaining a large team of 
computer professionals apart from the cost of 
doing so. 


The first step is to choose the best computer con- 
sultant for the project. Important Criteria to be 
kept inmind are: 


1. The consultant must have expertise and ex- 
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perience in hospital computerisation. Being 
a specialised and complex area, experience 
in other areas of computerisation is not eas- 
ily transferable. In discussions with the 
consultant, his knowledge of the hospital re- 
quirements will emerge very clearly. 


It is very much desirable if the consultant 
has a ready-made software package for hos- 
pitals. This will save time and cost 


To qualify as a package that may suit the 
needs, the software must be running in 
atleast two hospitals for minimum six 
months. The hospital administrator should 
insist on visiting the hospitals and talking to 
the various levels of staff to see how they 
feel about the computer system. 


The consultant must have a proven track 
record and reputation for quality and serv- 
ice. The hospital administrator should talk 
to some clients, particularly some first-time 
users and find out if the consultant gave 
them proper training, advice and total sup- 
port. 


It is necessary to check if the consultant is 
willing to take total responsibility for the 
project, including solving any hardware 
problems, training staff, design of forms and 
procedures, implementation support and 
software maintenance. 


Having chosen a consultant, one should work 
with him to finalise upon the exact specification 
required. Also one should insist upon the de- 
tailed plan with committed time schedules and a 
comprehensive budget inclusive of all incidental 
costs. With clarity on the plan of action one can 
now place the necessary orders. 


The various steps involved after the planning and 
procurement stage are: 


1. Preparation of site for computer room. 

2. Installation of hardware 

3. ‘Installation of software including customisa- 
tion to meet specific needs. 

4. Training of hospital staff. 

5. Finalisation of various associated forms and 
procedures. 

6. Creation of initial master data. 

7. Trial Run. 

8.  Cutover to computerised system 

9. Review and computer operations audit. 


member that the hospital administrator's in- 
volvement and commitment to the project will be 
essential if the computerisation is to succeed. 


With adequate planning and meticulous execu- 
tion these activities should take between 3-6 
months if a good quality, proven software pack- 
age is used as the starting point. One must re- 


FIG-I. COMPUTER AIDED HOSPITAL MANAGEMENT SYSTEM 
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21.Data Processing-Upgrad- 
ing Hospital Communication 
and Organization 


W. Birkner* 


It is not only for reasons of economy but also 
in the interests of reducing stress for staff and 
patients that the seperate departments of a 
hospital, each usually equipped with a com- 
puter system selected only with regard to its 
own needs, should all be more closely linked 
together in order to achieve more efficient 
communication within the hospital. This calls 
for technologies capable of effectively support- 
ing the process of information and communi- 
cation throughout the hospital as a basis for 
better planning, control and supervision. It 
also requires functional systems for networks, 
with which voice, text, graphics and images 
can be transmitted as well as numeric data. 


Radically new approaches for information proc- 
essing in health care have been developed in the 
course of the past decade. Developments have 
centered on automatic data processing. This 
goes beyond a logical extension of mechaniza- 
tion: it means the increasing integration of men- 
tal functions into automation as well. 


The aim of all efforts undertaken in this direction 
is to construct an integrated information and 
communication system for routine and control 
functions in hospitals and other health care fa- 
cilities which allows of processing action-oriented 
information and provides better communication 
through advanced technologies. These include: 


O In-house communication and telecommu- 
nication services, 

a Integration of information-processing and 
communcation systems. 
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[] Image processing, transmission and filing 
on the basis of digitized pictorial informa- 
tion, 

L] Expert systems as a basis of the develop- 
ment of artificial intelligence. 

U Communication networks. 


Classified by functions,the four principal sec- 
tions of hospital organization are: 
L Patient services 
[] Medical services 
ia Supplies and waste management 
[] Administration 


All of these are closely connected at the com- 
munication and information levels. (Fig- 1) 


A special place is occupied by the diagnostic 
and therapeutic services within the medical serv- 
ices section and by the patient services. 


Tasks to be managed 


Each of these sections involves different duties 
which must be coordinated with all others. 


Medical services 


The medical services of a hospital may be di- 
vided into diagnostic (laboratory, x-ray, nuclear 
medicine, ECG, pulmonary function testing etc.) 
and therapeutic (radiology, physiotherapy, sur- 
gery, anesthesia, dialysis, etc). Among these,the 
therapeutic and diagnostic facilities of conven- 
tional roentgenology, but particularly the modern 
imaging methods of computed tomography, ul- 
trasound, magnetic resonance imaging and digi- 
tal subtraction angiography are inconceivable 
without computerized technology. Use of com- 
puters has similarly revolutionized nuclear medi- 
cine and intensive monitoring, electrocardiogra- 
phy and other methods. This is readily under- 
standable when considering that in some of these 
techniques millions of bits of information have to 
be processed every second. 


Apart from many improvements to detail made 
on specific systems, the one development of re- 
cent years that has had a major impact on imag- 
ing quality is the digitization, manipulation and 
storage of images made possible by microelec- 
tronics. 
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Computer technology is in other words a fun- 
damental part of established and new imaging 
methods. It is at the same time a prerequisite for 
ensuring greater economy in the organizational 
environment of diagnostic and therapeutic serv- 
ices. In this area, electronic data processing 
mainly supports administrative tasks such as: 
registering requisition and work orders, 
work preparation, 
appointments and admission planning, 
scheduling, 
production of diagnostic reports, 
managing medical records and files, 
recording services rendered, 
staff planning, 
recording, processing and evaluating data 
produced by diagnostic tests, 
tracking therapeutic trends, 
production of statistics for scientific inves- 
tigations. 
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Computers also afford support for the specific 
departments or disciplines by measuring and 


calculating physical function parameters in car- — 


diology, preparing irradiation plans and deter- 
mining individual dose distributions in radiology, 
recording and processing vital sign data in inten- 
sive medicine,and the like. 


In addition to these examples in therapy and 
diagnosis, computer assistance is important in 
the organization of laboratory work as well. 


Laboratory organization 


The working time available in laboratories is 
generally split among a large number of routine 
jobs. The support given by a computer-aided 
laboratory system begins at recurrent manual 
tasks (paperwork), specifically preparing work- 
lists, managing the laboratory log books, entering 
test results, and producing stalistics for quality 
control and internal accounting. Depending on 
the type of organization and equipment, the time 
available for making tests—tests being the prime 
function of the laboratory staff after all— can be 
increased. The result is an improvement in both 
qualily and quantity of output. 


With an average of 15 separate test parame- 
ters per patient, approximately 60 handwritten 
entries or some 350 numbers, letters and marks 
will have to be made by hand from the time a 
sample is logged until the results are sent out to 
the requesting departments in a manually organ- 
ized laboratory. These entries include preparing 
worklists, noting the results of the test, recording 
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the date in the lab logbook, keeping statistics for 
quality control and performance tracking, and 


accounting. 


Existing laboratory computer systems are for 
the most part island-site configurations, which 
need to be integrated into an in-house network 
within an overall hospital information and com- 
munication system. 


Patient services 


The duties with which the various patient 
service departments are charged, patient data 
management, wards, outpatient facilities, medi- 
cal records—require flexible adaptation of an in- 
formation and communication system to the re- 
spective organizational structure of different ty- 
pes and sizes of hospital. This is all the more a 
problem, as the medical and nursing services are 
one area in a hospital which normally suffers 
from deficient organization. The aim must there- 
fore be to improve the information and communi- 
cation structures. Digital data processing can be 
a valuable aid in achieving this. 


Use of computers and data processing is espe- 
cially desirable to solve the following problems: 
Accelerating and streamlining operating 
procedures. 

Reducing manual activities 

Avoiding duplication of effort. 

Relieving staff of tedious routine. 

Avoiding need for coding of information. 
Reducing and simplifying paperwork 
(forms). 

Speeding up the exchange of information, 
upgrading ils currency. | 

Increasing the reliability of data processing, 
keeping better control of the course of 
treatment. 

Improving time management within sepa- 
rate functional units and service centres. 
Producing statistics to support decision 
* making and calculation of fees. 

Basic methods already available for these pur- 
poses cover the scope outlined below. 
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Ward organization 2 

Management of services provided to pa 
tients in the sense of planning and sched- 
uling care, admissions or appointments 
and reappointments, recording care ad- 
ministered, and staff planning. 


Requisitioning services 
Requesting and reserving services to be 


performed by diagnostic and therapeutic 
departments, requisitioning medical sup- 
plies, drugs, food, equipment, etc. 


Medical subsystems 

Collecting requisitions (e.g., for laboratory 
tests) and allocating them to the supply or 
service departments, recording services pr- 
ovided and results of tests/examinations, 
supplying results of tests of the requisi- 
tioner (e.g., wards). and administration. 
Preparation and supply of data for scien- 
tific and statistical evaluation, administra- 
‘tive decisions, project plans and control 
functions. 


Scheduling 

Issuing, booking and managing reserva- 
tions and supplying information on reser- 
valions concerning both patients and the 
medical and technical services of the hospi- 
tal. 


Archives 
Archiving and managing files, charts, films, 
scans, specimens, etc. 


Medical records 

Centralized information system with inte- 
grated presentation of detailed, patient- 
based data as a basis for monitoring serv- 
ice provided and effects. Random presen- 
tation of data by visual display unit relative 
to time or result. 


Developments and trends 


Reference to new information and communica- 
tion techniques at the present time means the 
new technologies for storage, processing and tra- 
nsmission of all types of data. 


The progress that has been made in solid-state 
technology has made possible much denser stor- 
age and faster processing and transmission of 
data, text, voice and images. 


These technologies, moreover, form the foun- 
dation of a process of development enabling the 
techniques of communication and information 
processing to be linked together or integrated 
into complex systems. 


They are leading to far-reaching changes in 
hospital organization, including the networking 
of separate computers within a hospital, which 
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will have lasting effects on communication in 
hospitals of small and medium size as well. 


Strong impetus is being lent to developments 
in this direction by the rapid growth in hardware 
performance accompanied by increasing mini- 
aturizalion (microcomputer systems) and a drop 
in prices of some equipment. 


One development in the offing concerns net- 
works linking up computers of the most varied 
kinds, each computer being connected to a large 
number of visual display terminals which give 
the end user access to the complete network. 
The first steps in this direction have been taken 
with the introduction of voice and digital data 
communication systems (Fig. 2). 


Voice/data system(ISDN) 


Al the heart of the system concept is the digi- 
tal exchange, designed around an automatic tele- 
phone switchboard. 


Computer systems of varying size installed in 
the separate departments or sections of the hos- 
pital can be connected through this exchange to 
the normal telephone circuit of the building. In 
this way it is possible to construct the informa- 
tion and communication system step by step, 
connecting up integrated data processing sys- 
tems that have proven themselves in practical 
use for specific departments or functions, e.g, 
administration, laboratory, pharmacy, word pro- 
cessing. Additional services such as paging, 
public address and video transmission system 
can be similarly connected. Data transmission 
between the separate processing systems is made 
via automatic switching of the required line con- 
nections under software control. This enables 
concurrent data and voice communication bet- 
ween separate departments of the hospitals via 
the telephone circuit. 


Working from a normal VDU workstation or 
emulation-compatible PC, it is also possible to 
access any computer system within the hospital 
via the central digital exchange and to work with 
programs selected from a menu in the familiar 
manner. 


Another special feature is the possibility of 
connecting a voice bank system to the digital ex- 
change, enablitig oral messages to be transmitted 
to different receiving stations, where they are de- 
posited in a personal mailbox. 


The core of a system configuration as de- 
scribed above is ISDN—integrated service digital 
network—the magic formula for electronic up- 
grading of the telephone system, which means 
that no distinction is made between voice, text, 
image or electronics data bit in the transmission 
of information via the communication lines. 


Manifold advantages result from ISDN technol- 
ogy. For instance, conventional analog transmis- 
sion of one letter page containing 25000 charac- 
ters takes up to 10 seconds; in digital transmis- 
sion this is done in half a second, meaning 20 
times as fast. In other words, for the same 
charge to send one to two pages of text over the 
analogue telephone link, an all digital system will 
transmit about 40 pages. 


Whereas new ISDN-based exchanges are al- 
ready in operation, successfully supporting the 
in-house communication network of numerous 
hospitals in West Germany and other countries, 


the general introduction of digital transmission | 


and switching technology to the public telephone 
system will presumably take place more slowly. 


Aside from the obvious advantages which 
ISDN offers to users now and in future, the deci- 
sive problem lies in the volume of information or 
data to be transmitted. Owing to the relatively 
limited transmission capacity per channel, ISDN 
is at the present time not suitable for fast trans- 
mission of large amounts of data, high-resolution 
color graphics and moving pictures. Work is 
however proceeding on solving this problem. 


Local Area Network (LAN) 


An alternative to the voice/data system cen- 
tered on a digital exchange is the local area net- 
work, which is a concept for high-speed trans- 
mission of text, data, graphics and images over a 
single hardware link. Such an in-house informa- 
tion transmission system enables several stat- 
ions at different locations in the same building or 
more widely spaced “local area‘ to communicate 
directly and to utilize common sources of infor- 
mation . 


All data or other information important for de- 
cision-making and for control purposes is thus 
accessible and exchangeable throughout all rele- 
vant sections of the hospital. 
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The technical implementation of LANs is based 
on a single 75 ohm coaxial cable of the type also 
used for closed-circuit television, installed in ev- 
ery pertinent room of the hospital and used to 
handle data, text, graphics, voice and image co- 
mmunication. 


By means of an appropriate intelligent inter- 
face (packet communication unit), different and 
otherwise incompatible computer systems, word 
processors, visual display terminals and printers 
can be linked into the network, as can wireless 
staff location systems, fire alarms, patient moni- 
tors, nurse call systems, surveillance and safety 
facilities. 


Moreover, a LAN is a medium for replaying 
commercial radio and television programs, as 
well as a transmission route for the hospital's 
own closed-circuit video (Fig.3). 


Advantages of such a network lie not only in 
the diversity of the hardware and services that 
can be connected to it but also in its flexibility, 
i.e. the ease with which the equipment can be 
connected up and disconnected at various points 
along the cable run. 


Final note 


In this article an attempt has been made to 
sketch major trends in development which will 
affect hospital organization in any restructuring 
aimed at more economic management and better 
communication. Judging from the present situ- 
alion we can assume that the coming changes 
will be more revolutionary than evolutionary in 
nature. 


The prospect is one demanding adaptation on 
the part of everyone in a position of responsibility 
who is concerned with the introduction or expan- 
sion of electronic data processing in hospitals. 
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22.Ensuring Quality of Care 
by Introducing Systems of 
Continuous Surveillance and 
Feedback 


Dr. Kirsien Staehr Johansen* M.D., D.D.S 
I. Introduction 


In the “Health for All by the year 2000” docu- 
ment, Target 31 states that “By 1990, all Member 
States should have built effective mechanisms for 
ensuring qualily of patient care within their he- 
alth care systems”. 


Ensuring good quality of care is the most com- 
prehensive task that health care administrators 
could be asked to perform. While most health 
care workers strive to deliver high quality patient 
care, and honestly believe that this is what they 
are providing in their daily work,only in some few 
cases is this honest and good intention subject to 
a continuous and systematic evaluation. 


W Quality of Care Through Continu- 
ous Monitoring 


One way of ensuring quality of care is by in- 
troducing systems of continuous systematic mo- 
nitoring. Systematic monitoring and surveillance 
has aiready been employed in many different 
medical fields. Many countries can readily pro- 
vide data on a wide variety of health related top- 
ics such as perinatal mortality, frequency of hos- 
pital acquired infections and incidences of spe- 
cific communicable disease. 


However, this process of data collection leads 
only in a vertical direction. Small units are 
obliged, by the health authorities, to supply data 
at specified time intervals to a more central ag- 
ency, whether this be regional or national. Here 
the data is collated, processed and the results 
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published in big summaries, e.g. the annual re- 
ports of most European Health Authorities. 


Such documents estimate the total size of a 
problem, shows averages and ranges for a given 
condition. A lot of very valuable data is collected 
in this way, but unfortunately it is seldom used 
to its full extent. If such data was used with co- 
mparison of variation of outcome and cost in 
mind, the best performing centers could be iden- 
tified. An exchange of ideas between centers 
and, the analysis and understanding of best 
demonstrated practice, could be established, 
with improvement in the overall quality of care as 
a direct result. Unfortunately this type of data is 
most often reserved for documenting that some 
minimal standard laid down by the government — 
is being adhered to. The political system in a 
given country has a strong influence on the com- 
pliance of the individual centres in .submitting 
data, and the extent to which such centrally reg- 
istered data actually reflects the health situation 
in a country will of course vary tremendously. 
Data derived in this way may therefore be subject 
to appreciable selection. 


Centralized registration in all forms shares the 
common problem of having a very long time lag 
between the time of data collection and publica- 
tion of the results. Removing this time lag is one 
of the cardinal points when setting up systems of 
continuous surveillance and feedback. Therefore 
the surveillance/monitoring process must be car- 
ried out at the local/unit level and feedback 
must be continuous with minimal timelag. This 
will ensure that the necessary interventions can 
be made immediately. 


The immense importance of online speedy feed 
back is given in the following example: “The an- 
nual report on the prevalence of perinatal infec- 
tious diseases 1986 (published autumn 1987) 
shows that the rate of umbilical infections in re- 
gion A has more than doubled during the second 
quarter of that year, but had fallen to the previ- 
ously registered level by the end of the year. By 
autumn 1987 no single person, or body of pe- 
ople, was interested in or had the proper condi- 
tions for investigating what had caused this rise 
in infections. A system of continuous surveil- 
lance with immediate feedback would have regis- 
tered such a change at a point in time, where an 
appropriate investigation could have been carried 
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out, and relevant measures taken. In this ex- 
ample, the oil used when bathing the newborn, 
(supplied by a regional pharmacy) was shown lo 
be infected by Pseudomonas species. 


This may seem a simplified example and a 
problem of minor importance and some may ar- 
gue that such a situation would quickly be no- 
ticed by the staff. However, most patient care is 
being carried out by teams of staff, and single in- 
cidents are often interpreted by the individual 
staff member as a sporadic case, and therefore 
one not warranting further action. By employing 
a systematic and continuous monitoring system, 
and making this a permanent component of the 
routine activities, even small changes can quickly 
be detected. 


Patient care involves the work of many differ- 
ent groups of health professionals, and as a re- 
sult one often meets the obstacle of where re- 
sponsibility should be placed. When the aim is 


to ensure good quality of patient care it is an ab- | 


solute prerequisite that single individuals,or 
small teams, are made responsible for their own 
actions. This element of accountabilily is very 
important and must be incorporated in the moni- 
toring system. 


The simplest example of accountability is the 
surgeon who as an individual is responsible for 
the surgery he performs. This seems quite natu- 
ral and straightforward and is well accepted in 
the case of operative procedures, but there is no 
reason why the same accountability should not 
be applied to other simpler but very common in- 
terventions such as placement of i.v. channels 
and urinary catheters. 


The above emphasizes individual accountabil- 
ity, but the same concept must also be applied 
{o small groups of staff. If, for example, having 
introduced a system of continuous surveillance it 
were to suddenly become apparent that the rate 
of wound infection has increased considerably at 
a specific operating theatre, the entire group of 
staff involved must be made responsible. The 
people actually working in the place in question 
are the ones best suited to investigate what ch- 
anges in staff, procedure, etc. is most likely to 
have caused the observed change in rate of infec- 
tion. The more mullifacetted and multi-discipli- 
nary the object of surveillance is, the greater the 
need for the system to be strictly local, and the 
feedback to be immediate. 


Personal or group accountability has often 
been difficult to establish as the health care 
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workers involved have tended to perceive such 
registration as a tool which would primarily be 
used to reinforce greater activity. Secondly, 
there has been fear that such systems would be 
used indiscriminately at times when cutbacks 
were being made, and as a factor in job promo- 
tion. 


It is therefore important when introducing 
such monitoring systems to explain carefully the 
aim, to be precise in describing where and to 
whom such data will be made available, in order 
that the staff participating will feel secure. En- 
suring job satisfaction among the health care 
workers at all levels is a necessity for the obtain- 
ing of optimum quality of patient care. If this is 
not the case, one runs the risk of staff deliber- 
ately “forgetting” the registration, and then the 
system is reduced to one that only gives false se- 
curity. Any such continuous systematic registra- 
tion only has value if all cases intended to be 
monitored are in fact registered. 


Therefore, it is very important that such sys- 
tems are not made to look complicated or my- 
sterious,but made user-friendly and incorporated 
as a natural routine method of ensuring optimal 
patient care. In some places, great difficulty will 
be met when introducing this concept of continu- 
ous self-assessment, and it may be essential for 
overall success, to devote a lot of time and effort 
to promoting the necessary changes in attitude 
before introducing the system. 


Another difficulty with ensuring quality of pa- 
tient care is the problem of having to quantify 
“quality” at consumer/patient level, and actually 
measure patient satisfaction. Although patient 
satisfaction is a multifacetted and somewhat in- 
tangible entity, which the medical profession has 
not previously been forced to include in their re- 
search, this does not justify that the issue is ig- 
nored. Interview surveys, questionnaires, visual 
analogue scales, and may other tools have been 
introduced - mainly by social scientists. 


Sets of indicators for patient satisfaction have 
now been both developed and tested, and are 
ready to be used in the process of obtaining good 
quality patient care. Patient satisfaction must 
naturally be measured in the local environment 
and the feedback used to deliver care in the way 
that is most in accordance with patient wishes 
and demands. Here it is important to realize that 
ensuring quality of care is a dynamic process 
which must change in line with social and cul- 
tural changes in the society where the care is 
being delivered. Although many procedures in 


the Health Care System are largely obsolete and 
of historical origin, there may be enormous an- 
tagonism to changes regardless of the fact that 
there are no relevant contemporary reasons for 
not discarding previous procedures . 


If! Conclusion 


If target 31 of the HFA 2000 is to be achieved, 
which requires that Member States build up for- 
mal mechanisms for ensuring quality of care, it 
will be necessary to employ and test many dilfer- 
ent solutions. This paper introduces the concept 
of continuous surveillance with built-in self-as- 
sessment and evaluation carried out at the local 
level, as one method of ensuring quality of care. 


The Quality of Care and Technologies’ pro- 
gramme, WHO/EURO is actively promoting this 
idea, and has both initiated studies entirely 
based on this concept (DANOP-DATA), and incor- 
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porated this concept into other present studies 
(tonsillitis and MRI studies). 


How this concept is best and most practically 
introduced, depends on the level and type of in- 
formation being monitored, and the local setting. 
Where computers are available and have become 
part of the routine, these may greatly facilitate 
the process, but they are not to be thought of as 
a prerequisite for introducing the idea. The idea 
of self-monitoring may be introduced equally well 
using manual counting, punch cards or other 
non-computerized methods. 


Of greatest importance is the fact that the 
people using these methods should themselves 
have decided on the method and format of regis- 
tration in order to get the best functioning sys- 
tem. If this is not adhered to, the monitoring will 
quickly become incomplete and consequently be 
worthless. 


Lab Diagnosis 


23.Use of the Immunoperoxt- 
dase Method as an Alterna- 
tive to Immunofluorescence 
For Detection of Antinuclear 
Factor 


A.T. Chablani, B.Sc., DMLT, Kalpana Desh- 
pande, B.Sc., S.S. Badakere, M.S.c., Ph. D., 
M.M.Mehta, M.Sc., Ph.D., and Nafisa Contractor, 
M.Sc, Ph.D. 


Autoimmune diseases, such as systemic lupus 
erythematosus (SLE), are diseases with aberra- 
tions in both cell-mediated and cellular immu- 
nity, and are characterized by the presence of 
one or more serum autoantibodies, which react 
with nuclear components and are designated as 
antinuclear factor (ANF). Basically, the ANF is 
neither tissue- nor species-specific; therefore nu- 
cleated cells from various sources can be used by 
the indirect immunofluorescence assay (IFA), us- 
ing antihuman globulin serum tagged with fluo- 
rescein isothiocyanate, under a fluorescent mic- 
roscope. The present study shows the detection 
of ANF by the immunoperoxidase method, which 
can be used in any laboratory, even one without 
access to a fluorescent microscope. 


Material and methods 


Fourteen SLE patients’ sera, which were referred 
to our laboratory for an ANF test, were selected. 
The ANF was tested on a composite block con- 
taining rat liver, mouse kidney, chicken RBCs, 
and human leukocytes from peripheral smear by 
the indirect IFA using broad spectrum and 
monospecific antihuman globulin sera tagged 
with fluorescein isothiocyanate and standard 


methods.'* The ANF was also detected by a 
newly developed immunoperoxidase *° method for 
ANF, which is described as follows. 


Multispot slides (flow laboratory) were coated 
with poly-L-lysine as described by Mehta in 
1983° and were fixed with the nuclear material. 
Each spot of the nucleated, fixed slide was tre- 
ated with 10 ul of ANF-positive sera, previously 
diluted 1:10. The slides were incubated for one- 
half hour at room temperature and washed 12 
times with PBS pH 7.2. The slides were then 
treated with 10 ul rabbit anti-IgG: Anti-IgG, and 
Anti-IgG, were also used (anti-IgG, and anti-IgG, 
were tested by immunofluorescence because ap- 
propriate antisera were not available for im- 
munoperoxidase testing). To these slides were 
added 10u1 swine antirabbit immunoglobulin, di- 
lution 1:30 and 10 ul of peroxidase antiperoxi- 
dase Ig complex (1:100). At each step of the 
treatment the slide was shaken on a Yankee 
Shaker for 10 seconds, incubated at 4°C for 20 
minutes, and washed 12 times with PBS pH 7.2. 
Slides were immersed in freshly prepared Carba- 
zol and hydrogen peroxide for 30 minutes at 
room temperature; they were then washed with 
barbilone buffer and PBS and stained with he- 
matoxylene dye. The slides were mounted using 
glycerine buffer and viewed under a light micro- 
scope. Positive control was prepared by using 
rabbit antihuman IgG in place of subclass antis- 
era and a negative control was prepared by using 
either PBS or normal human serum in place of 
ANF-positive sera. The peroxidase-positive reac- 
tion was read as a deep brown color. 


Results and discussion 


Fourteen SLE sera containing the ANF were also 
tested by the immunoperoxidase technique using 
poly-L-lysine-coated slides for better attachment. 
As seen from Table,1 all the sera showed good 
reaclivily by both techniques. The samples were 
also rested for the IgG subclasses, where IgG, 
and IgG, were tested by IFT and IgG, and IgG, 
were tested by immunoperoxidase. 


Of the 14 cases, only IgG, was seen in six, IgG, + 
IgG, were seen in two, IgG, + IgG, in three, IgG, + 
IgG, + IgG, in one, IgG, + IgG, in one, and IgG, + 
IgG3 in one case. Past workers® have observed 
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IgG, and IgG, subclasses in patient with SLE who 
had nephritis, and IgG, and IgG, in patients with 
out nephritis. Our study analyzed on this basis 
shows six patients without nephritis, of which 
three had IgG, + IgG,, one had IgG, + IgG,, one 
had IgG, + IgG,, and one had only IgG,. whereas, 
in other eight cases with nephritis, all had IgG, 

two had IgG,, two had IgG,, and one had IgG, 

The method described here seems to be an easy 
alternative method for detecting ANF and can be 
used by any laboratory with an ordinary micro- 
scope, thus eliminating the excessive cost in- 
volved in purchasing a fluorescent microscope. 
The immunoperoxidase method can also be fur- 
ther used to characterize the immunoglobulin 
nature and titer of the ANF. 
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New Diagnostic Method for Lepros 
Announced 


A new diagnostic method using a chemically syn- 
thesised antigen enables simple and early detection of 
leprosy bacteria infection in humans, even before out- 
ward signs of disease appear. This test should shortly 
be introduced into National Leprosy Control Pro- 
grammes. The test would enable Multi-drug Therapy 
to be even more effective in bringing the disease under 
control in the patient. 


According to the Director General of the WHO, Dr. 
Hiroshi Nakajima who was formerly regional director of 
WHO's Western Pacific region, “With this new diagnos- 
lic method and multi-drug therapy, together with re- 
cent progress in development of vaccines, the eradica- 
lion of leprosy is no longer a distant dream”. 


Ref: medical focus, 4/1987, pp5 
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Table 1 
Detection of antinuclear factor and IgG sub 
classes by Immunofluorescence and Im- 
munoperoxidase Techniques. 
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Unnecessary Laboratory Testing 


It was found that patients with several physicians un- 
dergo more unnecessary laboratory tests than patients 
with a single physician. 198 patients who were admit- 
ted to a teaching hospital and were referred to several 
physicians showed remarkable duplication of testing 
procedures ordered, that too on the same day. Of the 
936 automated chemistry profiles ordered during the 
hospital stay of these patients, 254 were unnecessary 
duplicates, being the second or even third specimens 
processed on the same day, and on the same patient. 
Duplication increased with the number of physicians 
ordering tests. 


This finding could be an indication for computerising 
laboratory data, so as to provide automatic data on 
tests already performed, in case the tests are requested 
by a second or third physician. Especially in teaching 
hospitals where shortage of paramedical manpower is 
experienced, computerisation of laboratory data and if 
possible, linking it with out-patient and in-patient 
computerised data could save much money and per- 
sonnel time by avoiding duplication of effort. 


Ref: Labmedica Vol V, No 4 8-9/1988 pp16 


24.Reagent Strips-New Per- 
spectives for Diagnostic 
Tests 


B. Muller, S. Kaupp* 


Reagent strips connote the means to perform 
diagnostic analytical tests on the spot in the 
medical office with a minimum of instrumen- 
tation. They are characterized by both speed 
and optimum availability. Speed in this in- 
stance means that the answers are obtained 
within no more than five minutes of collecting 
the specimen, while availability means that 
the test can be made very easily and at any 
time of the day during which patients are re- 
ceived. 


Today’s medical offices have at their disposal a 
wide assortment of “dry chemistry” reagent strips 
for urinalysis which have introduced consider- 
able simplification and added safety to routine cl- 
inical laboratory work. As an example, one 
screening test strip contains reagent areas to de- 
tect the kidney-relevant parameters protein, 
erythrocytes, leukocytes, pH and nitrite, thus fu- 
rnishing diagnostic information on processes in 
the kidney and urinary tract. If a positive result 
is obtained for any one of these parameters, fur- 
ther tests on a centrifuged urine sediment are 
indicated, as has been demonstrated by exten- 
sive studies with several thousand urine speci- 
mens. 


Reliable results of analysis with reagent strips 
are, however, dependent on specific test reac- 
tions. This means, for example, that ascorbic 
acid or other interfering substances must not 
disturb the determination when testing for glu- 
cose and blood in urine. 


This review contains examples of the various 
possibilities of using reagent strips in the medi- 
cal office available at the present time or due to 
become available. 


Tesling for diabetes 


Like those for urinalysis, reagent strips for de- 
termination of blood glucose levels have been re- 
peatedly improved in recent years and have simi- 
larly come to be standard aids for diagnostic 
tests conducted in the medical office. 


What is required most in visual matching 
semiquantitative glucose test strips is a broad 
span of measurement and good differentiation of 
color change. Both requirements are answered 
by reagent strips which cover a blood glucose 
range from 20 to 800 mg/dl. 


A decisive breakthrough has been achieved in 
the quantitative determination of glucose in 
blood by a combination of computer-readable bar 
code and microprocessor-controlled detector, wh- 
ich assures very simple yet extremely accurate 
measurement. Within about minutes it delivers 
a digital reading of the exact blood glucose con- 
centration, thus enabling the physician to insti- 
tute immediate therapeutic action where neces- 


sary. 


Proceeding from the experience acquired in 
diagnosis of diabetes, an instrument has been 
designed which measures other parameters in 
the same simple manner This reagent strip sys- 
tem is capable of directly analyzing enzymes and 
substrates in capillary or venous blood speci- 
mens. Its design and uses are described in the 
following. 


Test system 


The system comprises a reflection photometer 
fitted with an Ulbricht sphere as the key compo- 
nent of the optical two detection train and the 
appropriate reagent strips. Specific reagent st- 
rips are used for the various enzyme and sub- 
strate tests (Fig. 1). Construction of each has 
three distinctive features: 


[1 The magnetic code contains all the infor- 
mation necessary for carrying out the test 
and calibrating the photometer for the spe- 
cific analysis. 

L The plasma separation area consists of dif- 
ferent layers of glass fibre and paper, in 
which the corpuscular constituents of the 
blood are separated. This area is a substi- 


* Dr. Bernd Muller, S, Kaupp, Boehringer Mannheim, West Germany 


Reprinted with permission from medical focus 4/1986 pp 38-39 


tute for the centrifuge in the laboratory. 
The reagent area is similarly made up of 
different paper layers impregnated with the 
reagents required to produce the respective 
reaction. Blood plasma diffuses from the 
plasma separation area into the reaction 
area, where il causes a color change which 
is measured reflectometrically. 


Test procedure 


Approximately 30 ul blood, serum or plasma is 
applied by pipette to the reagent strip, which is 
then inserted in the instrument. The instrument 
reads and processes the information stored in 
the magnetic code and, after about three min- 
utes, the result of measurement is displayed as a 
digital reading. In other words, the test involves 
just three simple steps: 


[]  Pipetting the specimen 
[] Inserting the reagent strip 
O Reading the result 


Even when making different tests, no adjust- 
ments are needed on the instrument itself, as all 
the specific information for the new test is like- 
wise entered via the magnetic code on the rea- 
gent strip 


Comparison of methods 


Results obtained with the system described 
are corroborated very well by those of reference 
tests carried out on human sera by standard 
“wet chemistry” methods(Fig.2). Accordingly, 
normal values are identical for the reagent strip 
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test and the corresponding standard laboratory 
test. Every test in reagent strip form itself 
undergoes testing for the effects of hemolysis, 
biliribin, lipemia and drugs. The results are 
published. 


Functional diagnosis and quality control 


For the most part, the instrument is self-diag- 
nosing. Any defect occurring is localized by the 
internal circuitry and identified on the display, 
helping to get it remedied quickly and avoiding 
erroneous measurements. 


In addition, separate test strips are supplied 
to enable the user to make a convenient in-house 
check on working of the optical system. Control 
sera can be employed to check quality of per- 
formance. They have reference values specially 
determined for the instrument. 


The speed with which the system works en- 
ables answers to be ready while the patient is 
still in the doctor's office. From the patient's 
past history, clinical findings and the test results 
the doctor can very often complete his diagnosis 
and prescribe appropriate treatment immedi- 
ately. Beyond that, the system provides a means 
of differential diagnosis. 


It is capable of running about 20 to 30 tests in 
an hour, which makes it particularly suitable for 
use when individual tests or brief series of tests 
need to be performed at intervals throughout the 
medical office’s working day. 
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Fig. 2 Comparison be- 
tween reagent strip and 
reference tests for deter- 
mination of triglycerides 


Current Perspectives in Amoebiasis 


Amoebiasis is ubiquitous in distribution and perhaps second only to malaria as a leading parasitic 
cause of death in India and several other developing countries. While intestinal amoebiasis does not 
pose much of a diagnostic problem, hepatic and other extra-intestinal amoebiasis being mimicked by 
several other diseases (which are also common in the tropics), pose a problem for diagnosis. 


In this context, immunodiagnosis, especially with monoclonal antibodies has taken a major leap 
forward with the development of highly sensitive and specific tests. At the Mount Sinai Hospital, New 
York, the Indirect Haemagglutination Assay(IHA) gave a positivity rate of 86% among sufferers of intes- 
tinal amoebiasis and 95% among patients of extraintestinal amoebiasis. The Indirect Fluorescent 
antibody test (IFA) gave positivity rate of 75% and 90% respectively: Direct Fluorescent Antibody (DFA) 
gave 100% positivity rate in both categories of patients. 


The ELISA test employing monoclonal antibodies offers a sensitivity of 82% as compared with a 
sensitivity of 30% when we employ direct microscopy of stool, as the tool of diagnosis. ELISA offers a 
rapid, simple and cost- effective means of diagnosing invasive disease, and further, it can be applied to 
directly detect amoebic antigen in stool specimens. However all assays are limited by parameters of 
sensitivity and specificity of the tools, prevalence of overt, subclinical and asymptomatic infection in 
the community, and the skill of the technician performing the test. 


Ref: Maria P. Reitano et al Labmedica, (1987) Vol IV, No.5 pp 31-34 
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Control of Hospital In- 
fections 


25. WHO Programme for the 
Control of Hospital Infections 


1K. Kirsten Staehr Johansen, * M.D., D.D.S, 


Hospital-acquired infections (HAI) are widely 
recognized as a major public health problem in 
industrialized and developing countries and has 
received great attention from several interna- 
tional organizations including the Council of Eu- 
rope, the European Community, and the World 
Health Organization, during the last two dec- 
ades. Over the past few years, prevalence stud- 
ies are considered as an instrument of choice for 
obtaining a general guidance to the infection ra- 
tes at national levels. 


Data describing the extent of HAI are avail- 
able from several countries. 
in Belgium, the United Kingdom, Norway and It- 
aly found the prevalance of HAI to be 13.3.%, 
9.2%, 9.0% and 6.8% respectively.' In hospitals 
in which cost data were available, it has been 
possible to calculate the added financial impact 
of nosocomial infections due to the additional 
days of hospitalization, increased use of drugs, 
especially antibiotics, use of isolation techniques, 
additional laboratory and other diagnostic stud- 
ies, etc. In the United States for example, in to- 
day's dollars, the cost of extended hospitalization 
attributable to nosocomial infections probably 
exceeds four billion US dollars.2, But the human 
cost has not yet been taken into account. 


Although numerous studies have been made 
in individual hospitals of the incidence and ep- 
idemiologys of particular types of hospital infec- 
tions and different actions taken, no significant 
reduction in hospital infections at a national level 
has been attained so far. 


Convinced of the health hazards related to 


Studies carried out. 


HAI , the World Health Organization felt it nec- 
essary to support hospital infection control ac- 
tivities throughout the world. In the initial stage, 
WHO approaches were based on the preparation 
of educational material** organization of meet- 
ings, seminars and training courses, develop- 
ment of a network of collaborating centres, sup- 
port to international societies and committees, 


“including collaboration with the EEC and the 


Council of Europe. 


In order to determine the extent of the prob- 
lem of nosocomial infections throughout the 
world, a WHO cooperative study on Hospital In- 
fection Prevalence Survey was carrried out in 
1983-85 in 55 hospitals in 14 countries repre- 
senting four regions (Europe, Eastern Mediterra- 
nean, South-East Asian and Western Pacific). 


The records of 31,646 patients were examined 
and after the data were checked, 47 hospitals 
with 28,861 patient files were retained for the 
survey. The 28,861 patients consisted of 49.2% 
males (14,195) and 50.8% females (14,666). 


The results of the prevalence survey showed 
that the mean prevalence rate was about 8.7% 
(median value - 8.4%) with a range of 3.0% to 
20.7 %. However, since some patients contract 
at least two infections,the hospital infection rate 
may be estimated at 9.9%. According to this sur- 
vey, approximately one patient out of ten will be- 
come infected while in hospital.’ 


A really interesting fact however was not only 
the mean percentage for each of the four Re- 
gions, but the range that existed. It can be 
noted that for each Region there are very good 
centres and centre where the prevalence of Hos- 
pital Acquired Infection is as high as 20%. The 
type of infection varied considerably according to 
the geographic area, i.e. urinary tract infections 
are most frequent in hospitals in Europe and 
South-East Asia (30.9% and 25.5.% respectively) 
whereas a high frequency of nosocomial gastro- 
enteritis could be noted in the Eastern Mediter- 
ranean Region (17.9% of all infections). This 
study and numerous other studies have given 
valid data on the incidence and epidemiology of 
various types of hospital infections. 


It is of interest to note that further national 
studies and surveillance schemes have high- 
lighted additional findings: 

In the US Senic Project®, it was found that 


* Chief, WHO programme for Appropriate Health Care Technology,0828s 5 /10/87 


in spite of the great increase in surveillance 
and control activities in 1983 as compared 
to 1976, the percentage of infections being 
prevented nation wide increased from 6% 
to 9% with no decrease in wound infection, 
wheres 32% could be prevented if all hospi- 
tals adopted the most effective programme. 
The limited decrease in the rate still justi- 
fies the cost of the programme. 


In another US study by Cruse’, the overall 
rate of surgical wound infection was 4.7% 
but the rate in clean wounds was only 
1.5% and this latter rate appeared to be a 
more useful indicator of control of infec- 
tion. 


In a Swedish study by Kjellgreen et al’ it 
was shown that a continuing registration of 
surgical wound infections and feedback to 
surgeons led to a 30% decrease. 


The Caribbean Epidemiology Centre 
(CAREC) has since 1985 started a project® 
which included prevalence, cost studies, 
reporting and monitoring, organizational 
models, comparison among participating 
hospitals, development of work sheets and 
guidelines, feedback and training pro- 
grammes. All these various activities have 
contributed to a general awareness and re- 
duction of infection, justifying the cost of 
the programme. 


In Italy, where prevalence surveys are now 
regularly carried out in hospitals all over 
the country, the results had stimulated a 
great general interest. A national pro- 
gramme is now in operation with a goal to 
reduce the hospital acquired infection rate 
by 20% in five years, coordinated by the 
WHO Collaborating Centre on hospital in- 
fection control at the Instituto Superiore di 
Sanita in Rome. Two special schools to 
train health care personnel in infection 
control are now operating in Italy.° 


In Kuwait, where there had been unac- 
ceptably high rates of nosocomial infect- 
ions, a very active infection control pro- 
gramme was recently introduced. In view 
of the limited number of hospitals and dis- 
trict clinics, it was possible to introduce a 
daily surveillance scheme and the overall 
infection rate has been reduced from 6.0% 
in 1980 to 3.1% in 1986.!° 
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Finally, in a Spanish serial and cumulative 
prevalence study,'! the incorrect use of 
antibiotics was particularly noted in surgi- 
cal departments and specific measures for 
a more appropriate utilization of antibiotics 
were introduced. 


The role of WHO in hospital infection control 
is no longer a venture restricted to a single unit 
at HQ; also the European Regional Office has 
taken up work in this field. In addition, the Ap- 
propriate Technology for Health programme has 
carried out an international study on the occur- 
rence of multiresistant bacteria and national am- 
inoglycoside consumption pattems, which has 
recently been completed.'? Twelve countries par- 
ticipated and the study is a retrospective collec- 
tion of data on resistance rates, national con- 
sumption data. Resistance rate for three specific 
bacterial strains: staphylococcus aureus, P. aer- 
uginosa and E. coli were investigated. The data 
show an enormous variation in the resistance 
rates and the consequent occurrence of epidem- 
ics. This varied from 0 to about 40% when com- 
paring two European countries. A similar pat- 
tern of enormous variations was seen when com- 
paring the national consumption of aminoglyco- 
sides. This varied from 0.039 to 0.189 DDD/ 
1000 inhabitants. Aminoglycoside consumption 
is also evaluated with respect to hospital and 
non-hospital utilization. In this study the rela- 
tionship between the development of resistance 
and the consumption of aminoglycosides is 
clearly demonstrated. On this basis action must 
be taken. It is the policy of the ATH programme 
to actively participate in the development of 
guidelines for the appropriate utilization of not 
only aminoglycosides but antibiotics as a whole. 
Guidelines as such are urgently needed if the 
problems of multiresistant bacterial strains and 
occurrence of epidemics are not to become an 
even greater problem than already encountered 
today. 


An ATH workshop entitled The Use and Mis- 
use of Antibiotics will be held in Freiburg with 
participants from both developing and developed 
countries, the goal being the preparation of 
guidelines on the rational utilization of antibiot- 
ics, in particular aminoglycosides. 


A most recent initiative of ATH is the organiza- 
tion of a Workshop on Hospital and Health Care 
Hygiene to take place in Copenhagen. It is the 
aim of the workshop that a Beginner's Kit in In- 
fection Control to include appropriate use of anti- 


biolics and anliseptics, can be drawn up so that 
Member States who do not yet have national pro- 
grammes on Basic Hospital and Health Care Hy- 
fiene will have a starting point for activities in 
this field. 


However, in order to take action in this field, it 
Is necessary to change the attitude of health per- 
sonnel al all levels, because the best guidelines 
or manuals will have no effect if the people con- 
cerned are not motivated to promote new ideas in 
Hospital Infection Control, 


A crucial development which has been re- 
ported to be effective at some individual hospital 
levels is the stimulation of the motivation of sur- 
geons through actually providing feedback of 
their infection rates*’. This will now be tested in 
a wider context and a software has been devel- 
oped to this effect (the Danop Data System). A 
pilot study with 15 participating countries will 
start during the coming year and expects the re- 
sults to be compared at the Appropriate Technol- 
ogy for Health Workshop in 1988, 


Recently, some tasks previously performed by 
hospital staff have been contracted out; for ex- 
ample: maintenance, catering, cleaning and lau- 
ndry. Such areas are closely linked to hospital 
infection, so it is important that the “alien” staff 
performing tasks inside the hospital, are also 
taken into consideration and properly trained. 
Increasingly complex equipment similarly re- 
quires external maintenance engineers, who may 
create problems besides being exposed to poten- 
tial risks themselves. But this entire question 
needs to be studied. 


Conclusions 


Appropriately conducted national prevalence 
studies with follow up are an efficient and eco- 
nomic technology when initiating infection con- 
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trol programmes, Furthermore, feedback and 
monitoring systems and a concerted action am- 
ong cliniclans, surgeons, nurses, other health 
personnel! and the administration is a prerequi- 
site for the successful implementation of these 
programmes, 


As adequate management in the control of 
hospital infections is of concern to all Member 
States, WHO will make all efforts to strengthen 
joint action with national and international or- 
ganizations as well as within WHO units and its 
Regional Offices, The objectives of WHO activi- 
tics in the fields of control and prevention of 
hospital infections are: 


to encourage countries, hospitals, depart- 
ments, and physicians to quantify noso- 
comial infections: 


to encourage countries, physicians and mi- 
crobiologists to quantify the occurrence of 
multiresistant bacteria and antibiotic con- 
sumption; 


to promote international and national col- 
Jaboration in identifying the most efficient 
and economic means of controlling and 
preventing these problems. 
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26.AIDS-Prophylactic Hy- 
giene 
Rudolf Marz* 


Since the middle of the 1970s a new disease 
has been spreading throughout the world: 
AIDS, acquired immune deficiency syndrome. 
At the present state of knowledge, the causa- 
tive agent is a virus belonging to the retrovirus 
family of RNS viruses which was designated 
“human T-cell leukemia virus Type II”, HTLV 
III for short, by virologist Robert Gallo, direc- 
tor of the Tumor Cell Biology Department at 
the U.S. National Cancer Institute in Washing- 
ton. In France, a second group of researchers 
arrived at similar results and gave the patho- 
gen the name “lymphadenopathy associated 
virus”, or LAV I. 


In the known risk groups, AIDS is spreading in- 
cessantly. To date, no therapy has become avail- 
able for the disease. Among those at risk are 
health workers who are exposed to infection via 
invasion of superficial wounds by body fluids of 
infected persons. 


Correct and consistent implementation of ap- 
propriate hygiene measures is an essential part 
of AIDS prophylaxis in the health care profes- 
sions. Disinfection of hands, skin and instru- 
ments figures prominently among these meas- 
ures and enforcement of a hygiene plan in health 
care facilities, constilutes meaningful supportive 
action. 


At the present state of knowledge, potential 

carriers of the virus may be identified among: 
Promiscuous homosexual and bisexual 
males 

U Prostitutes 

(1 Drug addicts 

(1 Hemophiliacs 

[11 Sexual partners of infected and diseased 
persons 


[| Babies of infected mothers 


Much has been reported already on the dis- 
ease AIDS, its etiologic agent and epidemiology, 
both in a scientific context and at an emotionally 
exaggerated level. The table presents a factual 
summary of the disease reflecting current kno- 
wledge. 


AIDS— a summary 


U AIDS is caused by the HTLV III/LAV vi- 
rus, a member of the retrovirus family of 
RNA viruses. 


his The virus is labile and is transmitted 


only through body fluids. 

U The HTLV III/LAV virus destroys the 
helper T cells in human blood. 

This leads to a breakdown of the body’s 
immune system. 

U The pathological symptoms occurring in 
AIDS are multisystemic, depending on 
the particular pathogenic organisms 
that break through the immune barrier. 


OU Kaposi’s sarcoma, a form of skin 
cancer,is frequently observed. 

L] To date there is neither a vaccine nor 
any treatment for HTLV III/LAV virus in- 
fection. 

O The HTLV III/LAV virus can be detected 


very early in the blood by antibody reac- 
tion (2 to 12 weeks after infection). 

L 30 to 40% of those infected contract the 
mild of preliminary form of AIDS, lym- 
phadenopathy syndrome (LAS). 


U 5 to 20% contract AIDS, the incubation 
period for which is 5 months to 5 years. 
i It is suspected that additional factors 


burdening the immune system (e.g., 
hepatitis, herpes) are necessary to pro- 
voke the outbreak of AIDS. 


AIDS in the health care setting 


More recently, the general press has also de- 
voted considerable space to the problem of AIDS, 
necessarily leading to insecurity arising outside 
the group of persons immediately at risk. Fear of 
AIDS has risen especially among people em- 
ployed in health care professions, namely doc- 
tors, dentists, nurses and laboratory personnel. 
The fact is that every health professional is pro- 
spectively subject to contact with AIDS patients 


* Rudolf Marz, Bode Chemie, Hamburg, West Germany. 
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and thus with carriers of the HTLV III/LAV virus. 


# 

As matters now stand, carriers of the HTLV III 
virus are not to be considered contagious in rou- 
line social intercourse, as the virus is not trans- 
mitted by droplet infection and normal, non-sex- 
ual physical contact. The HTLV III/LAV virus is 
viable only in body fluids such as blood, sperm, 
serum, Saliva, tears, etc. and is transmitted from 
one person to another via these fluids (Fig. 1). 


Infected source | _5 | New infected source 


Portal of discharge —» Portal of entry 


CL] Natural body openings with lesions 
Artificial body openings, wounds 


Fig 1 


‘To dale, no definitive proof has been supplied 
for the existence of a chain of cross-infection for 
the AIDS virus in hospitals. No occurrence of 
work place associated HTLV III infection has 
been reported in West Germany, not even among 
physicians and nurses concerned with the direct 
treatment and care of AIDS patients. In the USA, 
however, several infections, have occurred among 
hospital personnel. 


Accordingly, transmission of the disease to 
staff employed in health care facilities is not to 
be ruled out altogether, since skin injuries as 
minor as an insect bite or a tiny scratch create a 
portal of entry for the HTLV III virus when con- 
tact is made with infected body fluids. 


This makes it essential to adopt prophylactic 
hygiene measures for the protection of health 
care personnel and also of other patients. 


AIDS prophylaxis 


Classified as a lipophile retrovirus, the AIDS 
virus is most readily comparable with the hepati- 
{is-B virus (HBV). As with HBV, aerogenic trans- 
mission does not take place but blood and secre- 
tions must be considered infectious. 


In contact with AIDS-infected patients and 
when handling potentially infectious materials, 
therefore, the same hygienic precautions should 
be exercised as with hepatitis-B. Specifically, 
these are: 

[J] Prevention of cutaneous contact with blood 
and other secretions 

LJ Wearing of protective gloves 

[J] Wearing of protective gowns and where 


necessary of protective goggles and face 


masks 

LJ Correct disposal of used needles and scal- 
pels. 

UL Use of disposables 

L Careful disinfection of hands,skin and con- 


taminated instruments 
AIDS and disinfection 


Like all retroviruses,the HTLV IIJ/LAV virus 
may be considered labile. Outside the host or- 
ganism, it quickly loses its activity. Due to its 
sensilivily, the virus is very quickly destroyed by 
virucidal disinfectants outside the body. Investi- 
gations (1) have shown 25% ethylalcohol, 1% glu- 
taraldehyde and 0.2% sodium hypochlorite to be 
adequate for disinfection of instruments and con- 
taminated surfaces. 


These findings have led to the knowledge that 
preparations containing alcohol or aldehyde and 
aldehyde derivatives are well suited for disinfec- 
tions in AIDS prophylaxis. 


When selecting disinfectants for these purpo- 
ses, only those should be considered that have 
demonstrated their effectiveness against the 
HTLV III/LAV virus in independently confirmed 
tests. 


Disinfection of hands 


In all problems associated with hygiene in the 
hospital,disinfection of the hands is the most im- 
portant step for prevention of infection and this 
applies with AIDS too. Hands should be disin- 
fected following every cutaneous contact with 
AIDS patients and contaminated instruments. 
The safest, simplest method and that gentlest to 
the skin is alcoholic rubs. 


They enable hands to be disinfected hygienically 
at any time, independent from washbasin and 
water faucet [2] . For example, a suitable disin- 
fectant for HTLV III/LAV prophylaxis contains 45 
g 2-propanol, 30 g 1-propanol and 0.2 g mece- 
tronium ethylsulfate (INN*), application 3 ml for 
1 minute confirmed by expert test. 


Disinfection of instruments 


Used instruments must in principle be consid- 
ered contaminated, therefore the rule to follow 
for the safety of personnel is: 

First disinfect, then clean, and finally ster- 
ilize or make final disinfection. 


Summary of precautions 


Test specimens | Should be dispatched only in sealed, water tight containers. 


Should be worn by all personnel who come into contact with blood, blood con- 
stituents, tissue, body fluids or excretions and potentially contaminated surfaces 


of possible AIDS patients. 


Should be disinfected before and after contact with patients. 
Must be worn when there is possible risk of contact with secretions, excretions or 


blood of AIDS patients. 
Normally not necessary for patients,but coughing patients should wear a mask 


when leaving their room in the ward (risk of aerogenic transmission of Pneu- 
Surfaces 


mocystis carinii infection). Visitors and nursing staff should wear masks in pres- 
Syringes and 


nce itien 
needles 


Some form of eye protection should be worn when spattering of blood, bloody se- 


cretions or body fluids is to be anticipated. This applies especially for dentists and 
for physicians, surgeons and nurses in bronchoscopy, endoscopy and ENT sur- 
Disposables 


gery, possibly also in resuscitation measures. 
Accommodation 


Surfaces and furnishings which become contaminated with blood or other body 
Staff 


fluids should be treated immediately with disinfectant. 
3 The appropriate action with endoscopes is: A concentrated disinfectant based on glutaral- 
Clean, disinfect, rinse with water. dehyde and depot aldehyde with the addition of 


Gloves 


Should be discarded into a firm sharps container. Use of disposables is prefer- 
able. Note: Personnel sustaining injury by needles should be treated by the staff 
physician in the normal manner. When making immune status and follow-up 
checks at intervals consideration must be given to the possibility of false findings 
due to other diseases. 


Disposables for mouth-to-mouth resuscitation should be available at every 
patient’s bedside. 


Optical instruments should be treated with ethylene oxide or glutraldehyde after 
every use. 

Breathing tubes must be cleaned carefully and disinfected after use by every pa- 
tient. All instruments coming into contact with blood, secretions, excretions or 
body tissue must be sterilized prior to re-use, including for example laryngoscopes 
and endotrachial tubes. 


Contaminated disposables must be disposed in accordance with procedures for in- 
fectious wastes. 


Bedclothes Should be transported to laundry in containers for infectious lin- 
ens. 


Generally it is not necessary to place AIDS patients in single rooms, except for 
coughing patients suspected of Pneumocystis carinii infection. Patients with a 
disordered immune system or possible communicable diseases which might be 
dangerous for AIDS patients should not share rooms with AIDS patients. 


There is no scientific reason for medical and non-medical personnel not to attend 
AIDS patients. Only pregnant women should be excluded from direct contact with 
AIDS patients,as possible infection with cytomegalovirus could lead to congenital 
damage. Personnel suffering from AIDS but asymptomatic should be employed on 
duties which do not entail contact with patients. This is to protect such employ- 
ees from opportunistic infecion and to protect seriously ill patients with a compro- 
mised immune system from infections which might be transmitted by personnel. 
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cleaning and corrosion inhibiling agents ** is es- 
pecially suitable for HTLV II/LAV prophylaxis. 
The recommended application, as confirmed by 
expert tests, is 10% concentration for 15 min- 
utes. 


Hygiene plan 


When tending AIDS patients, a hygiene plan 
will be found to be a practical aid. The measures 
outlined below may be taken as an example for 
the contents of such a plan. 


L] A helpful basis for precautions is contained 
in the Infection Control Guideline for AIDS 
Patients drawn up by a work group at the 
University of California in San Fransisco, 
U.S.A. [3]. 


CL] Practical, economical and reliable disinfec- 
tants possessing proven effectiveness 
against HTLV III/LAV virus. 

bs] Disinfection procedures for AIDS, specify- 
ing what is to be disinfected, when, with 
what and by whom. 

[J Regular instruction of personnel in all 
questions of hygiene and disinfection. 
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27.Disinfection 


Mattress disinfection breaks chain of 
infection in hospitais 
K. Bartholmess* 


The purpose of disinfecting mattresses is to 
kill or irreversibly inactivate pathogenic mi- 
croorganisms on and in the material of the 
mattress. To this end, mattress disinfection 
serves to break the chain of infection in hospi- 
tals. It is implemented with various methods 
and agents. 


When it comes to irreversibly inactivating or de-. 
stroying microbes inside mattresses, there is 
practically a single method which does the job to 
best effect, namely exposure to heat. Employed 
at an aclive temperature of 105°C and for an ex- 
posure time of 5 minutes, thermal disinfection 
moreover ensures effectiveness over a wide range 
of categories and thus achieves maximum pos- 
sible disinfecting performance. 


Thermal disinfection applied by the vacuum- 
steam method has the added advantage of leav- 
ing the mattress in well-dried condition at the 
end of the procedure. Before being disinfected by 
thermal methods, the mattresses must be re- 
moved from their protective covers. 


Disinfection to irreversibly inactivate or kill 
pathogenic microorganisms on the outside of 
mattresses is usually performed with chemical 
agents. Among these, agents formulated with a 
certain content of alcohol or phenol cover only a 
limited category of disinfection and phenols are 
unsuitable for disinfection of mattresses made of 
polyether foam. Other chemical agents whose 
aclive substance is based on chlorine, formalde- 
hyde, etc, are effective over a wider range and 
may also be used on polyether foam mattresses. 


* Kurt Bartholmess, Friedrichshafen, West Germany 
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By contrast with thermal methods, chemical 
disinfection is performed with the mattress cove 
left in place. Furthermore it can be carried out 
on the beds in the wards, whereas thermal disin- 
fection requires the mattresses to be transported 
from the wards to a separate station where the 
necessary equipment is installed. 


The various categories of antimicrobial activ- 
ity for disinfectants or disinfection methods are: 
[] Destruction of vegetative bacterial microor- 
ganisms including mycobacteria and of 
fungi including fungal spores 

L Inactivation of viruses 

[] _ Destruction of spores of the anthrax bacil- 
lus 

[| Destruction of spores of the gas gangrene 
and tetanus bacilli (sterilization methods 
are necessary to kill these spores. e.g., 
pressurized saturated steam at 120°C with 
an exposure time of 20 minutes) 


When employing disinfectants and disinfec- 
tion methods, it is essential to ascertain their 
compatibility with the items to be disinfected. 


Material and disinfection 


The serviceability of a mattress is measured, 
among other things, by the bulk density of its 
material, which is a key to its durability and thus 
to how it will perform in extensive, heavy use. 
This allow of making a cautious estimate of the 
useful life of the mattress, a higher bulk density 
of the material generally indicating a longer life 
expectancy. There is however, no exact numeri- 
cal data available on the relationship between 
the material’s density and the anticipated useful 
life of a mattress. 


Since the density has a strong bearing on 
manufacturing cost, however, the conditions un- 
der which mattresses are to be used should be 
examined precisely before purchasing them in 
order to achieve the greatest possible econorny, 
that is the optimum ratio of serviceability and 
price. 


A certain minimum bulk density of, say 37 
kg/m* may be specified for example to ensure 


Reprinted with permission from medical focus 3/1986 pp 58-60 
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construction of polyethylene foam, a material ca- 
pable of fulfilling the requirements on quality of 
hospital mattresses. 


When mattresses are soiled, the detachable 
covers are washed separately. The polyethylene 
foam body itself must be cleaned either entirely 
or in the soiled parts with a neutral laundry de- 
tergent. Strong oxidants cause damage to the 
material. Organic solvents only result in swelling 
of the material. After the solvent has evaporated, 
the foam resumes its original properties, but the 
mattress must not be used while still in the swol- 
len state. 


The mattress lends itself to disinfection by ei- 
ther physical methods, chemical methods (e.g. 
formalin solution) or combinations of the two and 
thus answers one of the first requirements 
placed on mattresses by hygienists. Phenol dis- 
infectants are not suitable. 


Simultaneous exposure to the action of steam 
and heat above 110°C can cause permanent de- 
formation of polyetheylene foam, therefore disin- 
fection must be controlled at temperatures not 
exceeding 105°C (saturated steam at 0.25 kg/ 
cm? pressure). The cover should be removed be- 
fore exposing the mattress body to steam so that 
il will not be overstretched. 


Possibilities of disinfecting mattresses 
Bedside disinfection 


Mattresses and bedsteads should be com- 
pletely wetted with an approved disinfectant, ap- 
plying a film over the entire surface. This results 
in disinfection only of the surface itself, as the 
disinfectant does not penetrate into the depth of 
the material. The job is done manually using a 
cloth soaked in disinfectant solution to rub down 
the mattress. If cloth mattress covers are fitted, 
this method is somewhat questionable, as the 
cloth will become wet and must then first dry, 
meaning that the patient is kept wailing some- 
where else in the meantime. Wilh mattress cov- 
ers made of plastic there are not such problems, 
as they prevent wetting of the fabric. Neverthe- 
less il is always worthwhile to consider the ad- 
vantages of changing the mattress or transport- 
ing the complete bed to a separate bed service 
station. 


Spray disinfection of mattresses is not practi- 
cable in multi-bed rooms owing to the excessive 
odor nuisance imposed on the occupants, but it 


147 


can readily be carried out in single-bed rooms. 
Afterwards, the bedstead and floor must be 
cleaned manually.Mattress disinfection by this 
method can contribute to control of nosocomial 
infections and may be regarded as adequate ex- 
cept for intensive care units,burn wards and so- 
called life is lands. 


Integration into room disinfection 


In reportable infectious diseases, the patient’s 
room must undergo terminal disinfection after 
the infective stage has passed. This consists of 
comprehensive and concurrent diinfection of all 
the surfaces within the room by vaporizing an 
appropriate disinfectant, the only effective agent 
for this at the present time being formaldehyde. 


As a rule, such vaporizing terminal disinfec- 
{ion is only implemented when particular risk of 
infection exists or when it must be asumed that 
conventional scrub disinfection might not be suf- 
ficient. 


The room must be prepared so that the disin- 
fectant can properly reach all the surfaces and 
that none of the vapour will escape during the 
prescribed length of exposure. Specifically this 
means sealing the windows, doors and all air in- 
lets and outlets. 


Furnitures, especially cabinets,should be left 
standing where they are, but cabinet doors. 
drawer and the like must be opened. Mattresses 
must be propped up. Pillows,blankets and the 
like and clothing must be hung loosely and pref- 
erably with no folds. The room heating should 
be turned off or down, but temperature in the 
room should be kept at a minimum of 10°C. 


For every cubic metre of room volume a mini- 
mum of 5 g formaldehyde (14 standard aqueous 
formaldehyde solution containing at least 35% 
formaldehyde) and 20 ml of water must be vapor- 
ized. During the necessary 6-hour exposure 
time, relative humidity of the air in the room 
should not fall below 70%. 


At the end of the set length of exposure, it is 
advisable to chemically combine the formalde- 
hyde by introducing vapor of boiling ammonia 
solution into the room, The amount required isa 
minimum of 0.65 ml 25% ammonia solution for 
every 1 ml formaldehyde solution used. Finally, 
the room must be thoroughly aired. The usual 
procedure following disinfection for the set time 
and subsequent neutralization with ammonia 


vapor is to air the room for about one day. The 
mattress cover is removed and sent to the laun- 
dry together with the bed linens. 


The mattress itself is left in the room if no al- 
ternative is necessary or possible. It maybe sub- 
jected to supplementary penetrating thermal dis- 
infection. 


If penetrating disinfection of mattresses, bed 
cloths, pillows, etc. is needed, for instance after 
use in an isolation ward, the problem of safely 
tranporting infectious material from the ward to 
the disinfection station and loading them in the 
disinfection machine is solved by a tight-closing 
special container mounted on wheels. 


Hygiene hazards in transportation of infec- 
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tious materials from any part of the hospital to 
the site of the disinfection equipment are ruled 
out by such a tight-closing special container. 
The closed container is wheeled into the disinfec- 
tion machine on the dirty side of the central bed 
service station and its contents then undergo 
disinfection without risk of pathogenic microor- 
ganisms escaping at any point of the route from 
collection of the materials to unloading them on 
the clean side of the disinfector. In other words, 
it provides optimum handling of bedding used 
by patients with reportable infectious diseases. 


After disinfection,the mattress is returned to 
the normal cycle of use, while the covers are sent 
onto the laundry before they too are finally re- 
turned to the clean side of the central bed service 
station. 
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Fig..1 Disinfection program at 105 °C for 5 minutes 


Disinfection for anthrax; Category A3C 


Minimizing Risk to Laboratory Personnel 


Laboratory personnel are exposed to higher risk of blood-borne infection owing to handling of infec- 
live material. Specially,with increased awareness of serum hepatitis risks, and the most dreaded risk 
of AIDS, newer appliances to protect laboratory staff against blood borne infection are being devised. 


Erthrocytic Sedimentation Rate (ESR) is one of 


the simplest and most common blood tests con- 


ducted throughout the world, both in developed and developing countries. A new system has been de- 


veloped by which blood need not be sucked into the traditional ESR 


pipettes, but the specimen tube 


can be straight away used to determine ESR. By this, hygiene risk and waste of time is avoided. 


Ref: medical focus 1/1987, pp 42 


Electrotherapy Unit 


quired. Current for iontophoretic treatments can be regulated from 0 to 10 mA. H igh voltage pulses of 
0-500V are adjustable between 4 and 142 Hz and are controlled by a modulator. 


This service provided at referal hospitals/clinics would prove a great boon to unfortunate sufferers 


of these maladies. 


REP rected Ca ee cee 


ef: medical focus 1/1987, pp 46. 
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Recent Advances in 
Other Areas 


28.Fecal Incontinence 


Artificial anal sphincter for incontinent 
children 


G.H. Willital, H . Meier, U. Klotz, K. H. Dietl, G. 
Schlunkers* 


Fecal incontinence can lead to both physical 
and psychic damage in children. Owing to the 
diverse nature of the underlying disease, the 
varying severity of symptoms, and the individ- 
ual manner and ability of coming to terms 
with them, the fate of every child so affected is 
highly personal. 

Implantation of an artificial intestinal 
sphincter is indicated in all children and juve- 
niles who have a congenital or acquired dys- 
function or loss of innervation of the muscular 
pelvic floor. In addition, such a system is 
suitable for all children suffering from com- 
bined partial or total loss of muscular or nerv- 
ous control. 


Successful management of children with these 
conditions is only possible on the basis of a 
highly motivated and cooperative partnership be- 
tween patient and clinic. confidence in the at- 
tending physician and close contact with parents 
of children afflicted with similar conditions is ex- 
ceedingly important. Lack of cooperation on ei- 
ther side provokes a worsening of the condition. 


A study of fecal incontinent children has 
shown that: 
[] One-third of these children have an artifi- 
cial anus. 
UJ One-third of all children with meningomy- 
eloceles regulate their bowel elimination 
habits by achieving controlled defecation 


eee 


through impaction of stool. This involves 
evacuation by manipulation, enema and 
abdominal pressure. 

UL One-third of all children don’t acquire con- 
trol of defecation despite corresponding lo- 
ng-term therapy. 


Pyschosocial aspect 


The special situation of fecal incontinent chil- 
dren is characterized by their frequently being 
dependent on care for the rest of their lives. The 
aim is to make them as independent as possible 
by practicing medical care, gymnastic training, 
psychological guidance and psychosocial assis- 
tance in due time. 


Beyond administering organic medical atten- 
tion to the patients themselves, it is essential to 
provide psychological and psychosocial aid to 
their families so as to avoid disturbed psychic 
developmental disorders in the children and dis- 


~ tress within the family. 


It-is essential for the parents to be factually 
informed at birth and again preceding every ther- 
apy performed on the child in order to lay the 
ground for all future expectations and attitudes 
towards medical care and its capabilities. No 
less important in this connection is special train- 
ing of nursing personnel along like lines with re- 
gard to treatment, care and counselling of the 
children and parents. 


A logical consequence of this is the necessily 
to always involve the parents in discussions of 
the medical problem and the available and prom- 
ising possibilities of solving them. In this 
way,the parents are able to both consciously and 
unconsciously communicate their cognitive and 
above all their affective attitude and approach to 
medical therapy applied to their needy child. 


Causes of incontinence 


Fundamental distinction is made among: 
Myogenic incontinence, meaning that in- 
duced by absence or under development of 
muscle elements, especially the sphincter 
ani externus, sphincter ani internus and 
muscles of the pelvic floor. 

This may be due to anorectal anomalies (27 
different types ) with abnormal develop- 
ment of the sacrum, e.g. sacrodysplasia, 


* Department of Pediatric and Neonatal Surgery, Munster University Clinic, Munster, West Germany 


sacral aplasia (occuring in 6.5% of all su- 
pralevaiory anorectal anomalies found on 
442 children patients examined), lesions 
and scarring of the pelvic floor muscula- 
ture, or tumors in the pelvic and rectal re- 
gions. 

U Neurogenic incontinence, meaning that oc- 
curing in meningomyeloceles or tumors of 
the spinal cord. 

LJ Sensory incontinence, which is due to ab- 
sence or disturbance of synapses or sen- 
sory receptors in the intestinal wall or in 
the muscle elements enclosing the bowel 
with lack of feedback to the spinal cord and 
lack of reflex innervation of the anorectum. 

B Overflow incontinence, produced by over 
distention of the sphincter musculature in 
the pelvic and anorectal regions,usually 
constituting a reversibly secondary patho- 
logical condition associated with megaco- 
lon, the underlying disorder for which may 
be for example Hirschsprung’s disease or 
Stage 5 elongation of the sigmoid. 

LJ) Automatic rectum with incontinence, which 
is an abnormally increased proportion of 
conlinence-assuring muscle elements of 
the anorectum on accumulation of feces, 
for instance following resection of the rec- 
tum with preservation of the normal anal 
passage. 


Frequency 


In West Germany 430 to 450 new cases of in- 
continent children and juveniles annually join 
the approximately 4,500 already reported. These 
numbers evidence the importance of the problem 
of incontinence in children. 


Fecal incontinence represents a loss of physi- 
cal integrity for the person so afflicted. The ina- 
bility to control defecation is a regression to an 
earlier stage of development causing the develop- 
ing child or youth appreciable emotional stress. 


International statistics for fecal incontinent 
children are as [ollows: 
Europe, 34,230 
[] U.S.A., 16,160 
L] South America, 7,380 
(J Japan, 7,590 


Associated defects 
The frequency of associated abnormalities is 


as Stated below: 
Hydrocephalus,approximately 70%, above all 


with meningomyeloceles in the thoracic and up- 
per lumbar sections of the spinal cord. Skeletal 
system, approximately 56%, above all kyphosis, 
scoliosis, dislocated hip, clubfoot. 

Urogenital system approximately 50% above 
all neurogenic bladder, vescicoureteral reflux 
with or without megaureters, renal dysplasia, 
tandem kidney, vescicointestinal fissures, hypo- 
spadias, urethral diverticula. 

Deformities of the heart and large blood ves- 
sels (18%) and of the gastrointestinal system 
(9%). 


Differentiation 


Determination and differentiation of inconti- 
nence requires subtle examination technique. 
Not all incontinence is alike. Discounting other 
practicable gradings, we distinguish among a to- 
tal of four stages of continence defined as TK 1 
(continent), TK 2 (partially incontinent), TK 3 
(partially continent), and TK 4 (incontinent). 


Differentiation and objectivation of these dif- 
ferent stages of continence allowing impartial 
comparison not only by clinical criteria is ac- 
hieved by a series of specialized examinations. 


Examination methods 


These are divided into standard and special- 
ized examinations, the former covering rectal 
endoscopy and x-ray contrast visualization of the 
intestine. This provides information on the 
length and lumen of the intestine, the anorectal 
angle and contractility in the anorectal region. 


Specialized examinations 
Anorectal manometry 


In this, fine catheters of 2 mm diameters are 
inserted into the rectum in the manner of a rec- 
tal thermometer as probes to measure pressure 
conditions in the muscles of the pelvic floor,the 
region of the sphincter ani externus and the 
sphincter ani internus. They also measure reflex 
behavior in the sphincter ani internus muscle 
and the defecation reflex. 


The examination may be compared to electro- 
cardiography in that it does not causes stress to 
the patient, but interpretation is often very time- 
consuming. The manometric readings obtained 
can be compared with normal rectal values. 


Functional endoscopy of the pelvic floor 
This comprises assessment of the closing fac- 


ully of the musculature of the pelvic floor by vis- vation of the muscles of the pelvic floor. Apart 


ual examination through a flexible pediatric from that, it is suitable for all children with com- 

endoscope which is advanced only a few centi- bined partial or total muscular or nervous fail- 

metres into the intestine. The examiner is able ure. 

to accurately assess the function of the muscula- 

lure from the image displayed on a television The delineation between implantation of the 

monitor. Child and parents may participate di- device and transplanation of muscle is formed by 

rectly in the viewing. normal innervation conditions with insufficient 
musculature,in which cases autogenous muscle 

The standard examinations together with spe- grafis appear to show good initial results. Active 
cialized procedures to differentiate the inconti- opening of the externally occluded intestine in 
nence and the individual pedoneurological as- the sense of relaxation of the sphincter is how- 
sessment required are carried out during an in- ever not possible in these instances and irriga- 
conlinence consullation. They then allow of indi- tion is usually necessary. 
vidually establishing the paltient’s state of conti- 
nence described by appropriate objectifiable re- An artificial sphincter is indicated for children 
sults of tests. Recommendations for therapy and in whom smooth or striated muscle has been 
other consequences are based on these findings. surgically implanted for improvement of conti- 

| nence when the operation does not elicit the de- 
Possibilities of treatment sired results. 

Successful treatment of fecal incontinent chil- Another indication is children and juveniles 
dren is contingent upon appropriate previous di- with meningomycloceles who suffer from profuse 
agnosis for the purpose of ascertaining the mus- diarrhoea and permanent incontinence with no 
cular functional capacity of the rectum and also controlled defecation. In these patients too, the 
ihe conditions of innervalions in the rectum in- SSE implant makes possible controlled evacu- 
cluding reflex and sensory behavior. ation of the bowel. 

As already mentioned, these functions can be Contradindication 
examined by anorectal manometry and endo- 
scopy of the pelvic floor, methods which have The sacral sphincter implant is contraindi- 
been specifically devised for children. They im- cated in children when the pedoneurological as- 
pose hardly any stress on the patients, however sessment shows the patient to lack the mental 
evalution of the results is a highly technical pro- capacity,insight and thus readiness to accept 
cedure. such an implant. This is the case also in chil- 


dren with paralysis of both lower extremities and 
Where a congenital disorder or total lack of reduced mental capacity or those who answer 


innervation and neurological supply of the rec- the physical and mental requirements but are 
{um is present,active closure cannot take place not disposed to regular after treatment and fol- 
in the region of the pelvic floor and rectum. low-up examinations and are indifferent towards 


this method of treatment. 
Working under a research contract we have 


developed an artificial anal sphincter for those The implant is composed of two parts. 
children who remain incontinent after all conser- [] A pair of magnetic half-rings constructed of 
vative therapeutical means have been attempted. samarium-cobalt coated with nonallergenic 
Materials of this sacral sphincter (SSE) iroplant titanium which are placed around the rec- 
and its toleration by tissue are equivalent to tum. They can be filted without surgical 
those of cardiac pacemakers or hip endoprosthe- opening of the intestine or abdominal cav- 
ses. They have undergone exhaustive invesliga- ity. A mechanical fastener ensures secure 
{ion and are fully suitable for implantation in sitings of the system. 

children and juveniles. | [] The anal tampon which closes the rectum 


is a plug of polyvinyl formal foam with a 
hole through the centre to accommodate a 


Indication 
guide pin of samarium-cobalt. Softening 
Implantation of this artificial sphincter is indi- when it become moist, this anal tampon is 
cated in all children and juveniles afflicted with stabilized in the rectum by the force of at- 
congenital or acquired disorder or lack of inner- traction between the ring ma ad the 
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guide pin and is thus secured in proper po- 
sition. Accumulating stool is retained in- 
side the rectum by the tampon and liquid 
stools are absorbed by its porous structure. 
The Grillozin with which the tampon is im- 
pregnated chemically combines 99.5% of 
intestinal gases. 


Results 


The sacral sphincter implant embodies a new 
method of controlled defecation by the natural 
route of evacuation and its advantage is the tech- 
nical simplicity of implantation, not entailing any 
surgical opening of the intestine or abdominal 
cavity. The operation is approached from the 
buttocks. In this therapeutic alternative,several 
demands are made on the children patients’ will- 
ingness and ability to cooperate and their molti- 
vation—a fact which must be taken carefully into 
account when the operation is indicated. 


Follow-up examination have been performed 
on 19 patients with organic fecal incontinence, 
on whom SSE implantation was carried out be- 
tween 1978 and 1984. Birth of a child afflicted 
with a fecal continence defect was found to con- 
stitute an exceptional burden for nearly all par- 
ents, very few of whom received psychological aid 
for the child. In the great majority of cases the 
incontinence was considered the severest prob- 
lem even when other abnormalities were present. 
The children themselves are anxious of social 
downgrading, with the result that 10 concealed 
their condition from the world outside the family. 


Additional advantages experienced by chil- 
dren undergoing SSE implantation, and also by 
their families,are the improvements in hygiene 
and cleanliness, greater social mobility, and all 
that this contributes to self-assurance. Nine of 
the patients were very satisfied with the situation 
resulling from the operation, two had qualifica- 
tions, and two were undecided. 


Objections and apprehensions 


As is common also with implantation of car- 
diac pacemakers, replacement or explanation of 
the artificial sphincter became necessary on 6 
patients. 


Reasons leading up to the need for explana- 
tion after a number of years are: 
Improper insertion of the tampon resulting 
in mechnically induced tearing of the mu- 
cosa. 
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Instrumental removal and retraction of the 
tampon after advancing too far into the in- 
testine performed without proper visual 
control, resulting in injury to the mucosa 
with phlegmons and abscesses necessilat- 
ing removal of the device. 

Pain and discomfort or inadequate closure 
due to the wrong combination of tampon- 
endotampon relative to the intestinal di- 
ameter and size of implant. 


The objections and apprehensions repeatedly 
heard in conneciton with implantation of the sys- 
tem are: 


Need for replacement 


As a rule, implantation is made on the school- 
age child. It is possible at that time to select the 
diameter of the anal ring system so that it will 
accommodate a larger intestinal lumen later on 
without the system having to be replaced. 


Distress when seated . 


The ring system and the tampon are always 
located above the ischial plane, meaning that 
they will not cause discomfort,pain or other irri- 
tation when the child is seated. 


Mucosal irritation by the tampon 


Due to the properties of the tampon used, its 
excellent softness, absorbency and resilience, le- 
sions of this kind have not been observed. By 
closely spaced endoscopic control we have been 
able to exclude reddening, swelling, bleeding or 
other irritation of the mucosa over a period of 
now eight years. In no instance was damage due 
to disordered blood flow observed in the course of 
the operative procedure and free preparation of 
the intestine. 


Stenosis and dilatation 


Repeated endoscopic examination has shown 
that the SSE implant does not cause either sten- 
osis or fibrosis of the mucosa leading to constric- 
tion of the intestine. By roentgenological exami- 
nations we have demonstrated that dilatation 
and hypertrophy with secondary portents does 
not occur given regular tampon change and 
bowel evacuation. 


Toleration 


Owing to the titanium coating, the material 


implanted is tolerated exceptionally well by tis- 
sue. No local or general reaction indicative of al- 
lergy, rejection or intolerance has been estab- 
lished on the patients operated. 


Such explanations or replacements as were 
necessary were due to inadequate follow-up ex- 
amination and control of the patients. Funda- 
mentally, the artificial anal sphincter implanta- 
tion is a simple, safe and quickly completed op- 
eration that obviates need for colostomy. It is 
first necessary to precisely assess the indications 
for implantation of the device by systematic and 
subtle criteria for selection. As a rule, priority 
will go to a number of conservative measures for 
correction of incontinence. The artificial anal 
sphincter is a therapeutic concept which enters 
into consideration when all other treatment for 
the condition has failed. Moreover it is essential 
for the children and juveniles who are potential 
recipients to be prepared to live with the system 
and to be able in the long run, to themselves 
carefully perform the daily change of tampon. 


Conclusion 


The sacral sphincter implant may be summa- 


rized as a means Of effectively managing the hygi- 


enic, psychological and social consequences of 
fecal incontinence due to organic causes. Since 


the method is dependent to a high degree on the 
cooperation of patients and their families, the 
motivation for the cognitive and psychic condi- 
lions of those immediately affected must be ex- 
plored and taken into account with extreme care 
when assessing indication for this method of 
treatment. 


An indispensable requirement is that the chil- 
dren be able to themselves change the tampon 
later on and also be able to learn to do so. Fre- 
quency of tampon change is individual and sho- 
uld be once or twice daily after a period of adap- 
tation. The children must be sufficiently famil- 
iarized with the system and must from the start 
take a positive attitude towards it. 


It has been found successful to medically su- 
pervise the patients by regular outpatient control 
examinations at three-monthly intervals. During 
these visits we make endoscopic examination of 
the rectum for the purpose of early detection of 
possible iatrogenic lesions, which are avoidable. 


Another important requirement is comprehen- 
sive guidance in introduction of the anal tampon. 
Especially in children with innervation disorders 
in the rectal regions, a too abrupt and inexpert 
approach can result in mechanical lesions to the 
intestinal mucosa when the tampon is advanced. 


Inner ear Prosthesis 


Internal ear disease leading to hearing impairment need no longer handicap the sufferer. An eight- 
channel inner ear prosthesis consisting of a cochlear implant, and an (externally worn) hearing stimu- 
lator, has been devised. Afier implementation, the two systems can be linked either percutaneously by 
means of a connector or transcutaneously by high frequency. 


The cochlear implant consists of a plastic capsule containing all the necessary electronic and elec- 
trical circuitry in a water proof enclosure which leads to the eight pole electrode plate. The plastic cap- 
sule is implanted in a recess milled in the bony mastoid process, and the electrode plate is fixed on the 
bony wall covering the inner ear, without having to open the cavities of the inner ear. The operation 
almost corresponds to a routine middle ear procedure. The hearing stimulator converts sound into an 
eight channel electrical stimulation pattern. High tones trigger off stimulation pulses which are con- 
ducted to the basally located stimulation electrodes; this is complemented by stimulation of the heli- 


cotrema. 


es 


Ref: medical focus, 5/1986 pp 32 


29.Catheter techniques 
Safe placement of catheters in emer- 


gency situations 
R. Nessler* 


Central venous catheters are indispensable 
instruments in all clinical therapeutic and di- 
agnostic procedures of emergency and inten- 
sive care. In emergency conditions the route 
which should be chosen for catheterization is 
that affording the quickest and most reliable 
introduction through the superior vena cava. 
Accuracy of placement is dependent not only 
on the given anatomical conditions and exter- 
nal circumstances, but also on the technical 
skills and experience of the attending physi- 
cian. 


In emergency venipuncture or catheterization the 
innominate vein provides a suitable route of ac- 
cess to the superior vena cava. Emergency inci- 
sion of the innominate vein demonstrates a high 
score of accuracy (93%) while taking little time. 
Table 1 lists the shock and emergency conditions 
in which puncturing of the innominate vein has 
been practised. 


Indications 
Emergencies 


Emergency Situations in which catherteriza- 
tion of the vena cava is indicated are: 


Shock with collapse of peripheral veins 
Impossibility of venipuncture at other sites 
Necessity for immediate measurement of 
CVP 

Acute hemodialysis 

Administration of highly effective drugs 
Close to the heart in the reanimation phase. 


a a aa at ica 


Parenteral nutrition over an extended [period 
of time is similarly an absolute indication for 


* Dr. Reiner Nessler, Salzgitter, West Germany 


placement of a central venous catheter, as in the 
instillation of infusion solutions having an osmo- 
larity greater than 900 millimoles per litre. 


Infusions 


Indications for medium and long term infu- 
sion therapy via a vena cava catheter are: 
[] Parenteral nutrition with hypertonic solu- 
tions 
Continuous monitoring of CVP 
Regular and frequent withdrawal of blood 
samples with impossible surface veins 
Reducing risk of thrombosis (large lumen 
vein) 
Provision for long-term administration of 
high-efficacy drugs 


EJ toe JE] 


Readings of the central venous pressure are 
particularly valuable in critical circulatory condi- 
tions. Placement of a central venous catheter 
and the possibility it affords of measuring CVP 
contributes to a considerably better possibility of 
maintaining accurate fluid balance in severe hy- 
povolemia and in high-risk cardiac and renal 
conditions 


Anesthesia for catheterization 


The forms of anesthesia listed in Table 2 have 
been applied for the internal jugular vein and in- 
nominate vein on patients undergoing surgery. 
With adult patients, the form of anesthesia var- 
ies; with children sedation should be applied al- 
most exclusively. Approximately 60% of all cen- 
tral venous catheters were placed in direct asso- 
ciation with general anesthesia. About 10% were 
inserted under local anesthesia and 27% in the 
waking state without anesthetization (indirect 
technique). For the most part, catheterization 
under general anesthesia was for the purposes of 
postoperative treatment. The instances in which 
catheters were placed under local anesthesia or 
without anesthetization mainly concerned preop- 
eralive infusion and diagnostic or therapeutic 
measures associated with intensive care. Use of 
the atraumatic indirect techniques (Alpha _sys- 
tem*) permitted non anesthesized catheterization 
in Numerous cases. 


Access routes 


Introduction of a catheter into the superior 


Reprinted with permission from medical focus 1/1986 pp 18-20 
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vena cava via the so-called central veins is pref- 
erable to peripheral venipuncture with a view of 
reducing long term complications such as phlebi- 
iis, thrombosis and sepsis. Problems are not to 
be anticipated when puncturing or catheterizing 
the veins close to the cava unless they are 
caused by any of the following conditions: 
Inadequate positioning of patient 

Selection of an unsuitable access route 

Use of traumatic catheter systems 
Catheterization systems that are not proof 
against misplacement (i.e., which do not 
contain a stable-guiding mandrin) 


OOOO 


In routine clinical work the innominate and 
internal jugular veins have proved to be suitable 
paths for accessing the superior vena cava. 


Innominate vein 


The right and left innominate or brachioceph- 
alic veins collect blood draining from the veins of 
the head, neck and arms. They are valveless and 
are formed posterior to the sternoclavicular joint 
by the juncture of the internal jugular and sub- 
clavian veins, respectively right and left. At the 
medial end and caudal edge of the first right cos- 
tal cartilage the innominate veins join into the 
superior vena cava 


Due to their anatomical position, their fixation 
to adjacent organs by connective tissue and 
their large internal diameter, the innominate 
valves afford an optimal access route in emergen- 
cies by providing a ample passage that is always 
open even in a state of severe shock. Moreover 
the abundant lumen and the short, straight 
course ensure favorable conditions for indwelling 
catheterization. 


Puncturing of the innominate vein 


Exact analysis of the puncture site and the 
respective anatomical conditions in combination 
with reproducible criteria assure unproblemati- 
cal incision and thus preclude complications in 
catheterization. 


Prior to veinpuncture the patient is placed in 
recumbent position with the upper arm on the 
operative side against the chest and the shoulder 
drawn slightly down. The head is turned to the 
opposite slide and the claviculomastoid angle is 
localized in the lateral triangle of the neck. The 
puncttire site is approximately 2 cm dorsal to the 
apex of the angle formed by the clavicle and the 
lateral edge of the sternocleidomastoid muscle. 
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The cannula is pointed in a direction almost 
parallel to the clavicle on the right and directly 
parallel to the clavicle on the left. The angle to 
the frontal plane of the needle as it is advanced 
from dorsal to ventral in the direction of the 
jugular fossa is about 20 degrees. After pene- 
trating about 3 to 4 cm, the cannula hits the in- 
nominate vein. 


Internal jugular vein 


The internal jugular vein lies directly adjacent 
to the common carotid artery and internal ca- 
rolid artery after emerging from the base of the 
skull. The vein runs lateral to the carotid artery 
and slightly closer to the surface and is crossed 
from dorsocranial to ventrocaudal by the sterno- 
cleidomastoid muscle. It continues dorsal to the 
sternoclavicular joint, joins the right subclavian 
vein, and then joins the right subclavian vein, 
and then merges into the right innominate vein 
without change of direction. The left internal 
jugular vein merges into the innominate vein in 
an S-curve. 


The site of puncture on the internal jugular vein 
lies approximately 1 cm lateral to the artery ona 
level with the incisura of the thyroid cartilage. 


The cannula is introduced at an angle of 30 to 40 
degrees to the skin (right to left) and advanced in 
th direction of the transition between the inner 
and middle third of the clavicle. After overcom- 
ing a usually slight resistance of muscle or 
muscle fascia (transmuscular approach), the 
cannula reaches the internal jugular vein in a 
depth of 3 to 4 cm. 


Superior vena cava 


Once the innominate or internal jugular vein 
has been punctured, catheterization is made by 
the indirect technique with no appreciable diffi- 
culties. 


Application of the indirect technique using a 
plastic mandrin for catheterization of the supe- 
rior vena cava provides considerable advantages 
over the direct catheter-through-cannula 
method: 


[] The indirect technique allows of using 
small-bore cannulas for vein-puncture, 
thus assuring atraumatic incision. 

[] Due to optimum guiding of the catheter by 


the plastic mandrin, all damage to the 
catheter through coiling or kinking is 
avoided. Risk of tearing of the catheter re- 


sulting in embolism is eliminated, and the C] Standardized catheter ernie id to pre- 
catheter does not come into contact with vent intracardiac misplacement. 


the cannula. 
a Misplacement is prevented by reliable guid- Catheterization of the superior vena etal 

ing of the catheter over the mandrin. proof against misplacement by using plastic 
mandrins and catheters inset or marked lengths 
Table 1: Classification of 1,000 emergencies treated is a prerequisite to safe administration of hyper- 
ie Poncture or catheterization. of the pangs " osmotic infusion solutions and accurate meas- 
vein showing score of exact placement (figures origi- uremeties Rleentralivenouswreeencel 
nating in part from studies under a large-scale 


international test) Table 2: Forms of anesthesia applied in 5,997 


catheterizations of the internal jugular vein and 
4,010 catheterizations of the innominate vein (fig- 
ures originating in part from studies under a large- 
scale international test) 


Emergency Exact 
treated placement 


Hemorrhage 


Form Left Right 

of anes- internal innoini- 

thesia jugular nate 
vein vein 


Cardiogenic | 126 94 
shock 

Severe 255 93 
craniocerebral 
trauma 

Severe shock 380 92 
due to other 

causes 


Local 
General 


Sedation 
Uncon- 
scious 
Conscious 
non-anes- 
thetized 


Chemoembolization to treat liver cancer 


The double blood supply of the liver, through the hepatic artery and the portal vein permits this 
technology to be utilized for treatment of unresectable cancers of the liver. Gelfoam particles are in- 
jected along with the chemotherapeutic agent doxorubicin, mitomycin-C, and cisplatin, directly into 
the hepatic artery. After a few seconds the gelfoam particles jam up the artery. The drug remains in 
contact with the tumor for days (instead of for a few hours as with intravenous chemotherapy). The 
Gelfoam “dam” is harmlessly absorbed by the body within 2-3 days. Remarkable reduction in size of 
tumor, and in some instances long-term survival, has been noted. One advantage of this kind of 
treatment is that it requires hospitalisation only once in three to four months for therapy. Follow-up 
care subsequently, could be maintained on an out-patient basis. 


Ref: Hospimedica 12/1988, Vol. VI, No.7, pp.6 


Breast scanning system 


Breast cancer is a major killer among cancers in women. There is increasing awareness among 
women the world over about the risk of breast cancer which strikes mostly in middle age posing a 
risk to an otherwise long life expectancy of women. Awareness of advantages of early detection with 
possible hopes of cure makes many women present themselves for routine scanning; in addition large 
numbers of women with benign breast pathology attend referral hospitals /medical college hospitals/ 
cancer clinics,and they have to be preferably offered a non-invasive, simple diagnostic procedure, 
which could be applied on a large scale. 


Light scanning of the breast is one such technique. The breast is illuminated with low-intensity 
light, and the transmission pattern of narrow bands of red and infrared light is detected, amplified 
reconstructed and displayed in visual wavelengths. The image is recorded/displayed via a special 
video system, the image being controlled by a computer, which allows areas that transilluminate dif- 
Jerently to be viewed as varying shades of grey or tones of colour. If a real time ultrasound unit is in- 
dina with the light scanner, the resull is a composite unit that ensures complete breast scanning 
capability. 
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Ref: medical focus, 5/1986, pp 30 
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30.Otoscope set 


For the specialist and general practi- 
tioner 


A basic diagnostic instrument for examination _ 


of the ears, the otoscope permits direct view- 
ing of the auditory canal and tympanic mem- 
brane yielding information of value to the phy- 
sician which cannot be obtained by other 
means. It is designed for the needs of both 
specialists and general practitioners. 


Considerable attention has been invested in 

making the set compact, light and altogether 

portable. It is easy to use and the only mainte- 

nance required is occasional cleaning of the mag- 

nifying lens and recharging or replacement of the 

batteries when necessary. The component parts 

are: 

fA] Otoscope head fitted with an 8.5 D magni- 
fying lens 

U Handle containing a rechargeable storage 
battery or expendable primary batteries. 

O Assortment of interchangeable speculums 
stored in a box 


Otoscope head 


Advantages of the otoscope head are the high 
brilliance and shadow-free illumination of the 
area observed and a smooth duct which affords a 
direct view, magnified about three times, of the 
structure examined with no obstruction by any 
internal leads or the like. This results from use 
of a fibreoptic bundle encircling the distal end of 
the duct on the outside,through which light is 
transmitted from the lamp mounted in the con- 
nector of the head, while the viewing duct itself is 


kept entirely free 
Power handle 


The handle of the otoscope is designed to take 
either nicad rechargeable batteries or dry or al- 
kaline batteries, with a choice of two sizes to ac- 
commodate three C batteries or two AA batteries. 
It is fitted with a hot foot for recharging an inter- 
nal storage battery with a special charger even 
while the otoscope head is attached. Electronic 
circuitry inside the handle actuates external indi- 
cators to tell when the instrument is switched on 
and when the battery needs charging. Adjust- 
ment of power to produce the required level of il- 
lumination is made on a_ ring knob which con- 
trols a variable resistor. 


Specula 


The standard set of specula covers the full 
range from 3 to 7 mm internal diameter. Their 
distal ends are rounded to avoid injury to the ear 
during examination. On opening the box in 
which they are stored,the specula are lifled by an 
internal spring so that they can snap conven- 
iently onto the otoscope head. They do not need 
to be touched by hand either when fitting or re- 
moving. Specula are available in constructions 
of plastic (polypropylene) for one-time use and 
me-tal for resterilization. 


For specialists the otoscope set is available as 
part of a complete ENT examination outfit which 
fully comprises the following items: 

Otoscope head 

Ophthalmoscope head 

Laryngoscope head 

Power handles in two sizes 

Battery charger 

Wall-mounting power supply to be used 
with all examination heads instead of the 
portable power handles 

Cold light projector to supply cold light to 
the heads through fibreoptic cables longer 
than 1 m. 


PILI Gites 
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Simple bayonet-type connectors arc fitted to 
all parts of the set. 


Reprinted with permission from medical focus 5/1986 pp 24 


Meniere’s Disease - Advances in treatment 


Meniere’s disease characterised by linnitus, and vertigo (sometimes so severe as to make the pa- 
tient fall to the ground), sometime advancing to deafness, affects an estimated two million people the 


world over. 


Repeated exchange of plasma (presumably by eliminating certain antibodies) has been 


shown to result in improvement among some patients. With stancardization of this procedure, victims 
of the disease could expect relief from the distressing symptoms, and possibly escape permanent hear- 


ing loss. 


Ref: medical focus, 6/1986, pp 5 


31.Recent Advances in- 


Opthalmology 
Dr. Sudha Xirasagar* 


Ei Loss of vision is among the most tragic of 
handicaps compatible with life. Injury or degen- 
eration of the anterior parts of the eye like the 
lens, cornea, etc., have been tackled for many 
decades now: surgical and medical treatment of 
these conditions is sufficiently advanced to re- 
store normal or near normal vision. The difficult 
challenges to ophthalmologists have been posed 
by disease or disruption of structures behind the 
lens-viz-a-viz the vitreous body and retina. 


2. Retinal tissue being an outgrowth of the 
central nervous system in its embryonic develop- 
ment, cannot be regenerated by the body if it is 
once destroyed. Apart from the primary degen- 
eralive processes affecting the retina, majority of 
cases with retinal problems are due to, either 
physical disruplion from its position leading to 
secondary lack of blood supply,or degenerations 
aS a sequel to diseases like diabetes which affect 
iis blood supply. Besides, a hole in the retina or 
tears caused by degenerative changes or trauma, 
can lead to total detachment of retina and there- 
fore blindness. 


3. Recent advances in opthalmology include 
increasing sophistication of instrumentation and 
technology to improve success rates in treatment 
of retinal and vitreous conditions. Retinal holes 
or tears can now be successfully managed by 
surgery. A plastic material (solid silicone rubber 
implant) is attached to the sclera to create a 
hump which brings the choroid in apposition 
with the retina. To anchor the retina to the cho- 
roid, cryotherapy (cold application) or diatheromy 
is used to “weld” them together through creating 
a circular scar. With advanced vitreous surgery 
using a retinal brush, retinal tacks, silicone oil 
and endo laser, the success rate of surgical treat- 
ment of retinal transplants has been greatly im- 


proved. In selected cases of imminent retinal de- 
tachment due to formation of vitreous bands es- 
pecially common in diabetics, the yag laser is 
used to selectively cut the bands and halt the 
process of stretching which would lead to detach- 
ment of the retina and blindness. 


4. Retinal imaging techniques recently intro- 
duced to assess the retina include flourescein 
fundus am (FFA), ultrasonography and Visually 
Evoked Response. In the flourescein angiogram, 
photographs of the fundus following injection of 
a dye, fluorescein, gives an indication of localised 
and generalised compromise to the blood supply 
of the retina, and shows up areas of neovascu- 
larization. Ultrasonography is used to study 
changes in the vitreous cavity. 


a. Photocoagulation is a technique by which 
powerful light rays are focussed on to a tiny spot 
in the retina - spots where new blood vessels are 
formed in diabetic retinopathy or Eale's disease 
(which can potentially give rise to vitreous haem- 
orrhage). The light on striking the target area is 
converted to heat which cauterizes or seals off 
the abnormal blood vessels. With increasing de- 
tection of diabetes in the population and _ pro- 
longed/near normal life expectancy for well-con- 
trolled diabetics, there is increasing incidence of 
diabetic retinopathy. In developed nations and 
also in developing countries, many diabetics have 
been spared vitreous hamorhages, retinal de- 
tachment and the ensuing blindness,by this 
technique. Laser photocoagulation has improved 
the accuracy and efficacy of this technique in 
preventing vitreous haemorrhage. 


6. Vitrectomy is a new operation which is 
being carried out for diabetic retinopathy. For- 
merly once vitreous haemmorhage (and _blind- 
ness) had occured the prognosis was considered 
hopeless and the eye was given up for a perma- 
nently blind eye . Today the opaque vitreous can 
be removed and replaced. Advances in instru- 
mentation that have made this possible include 
vitreous infusion section cutter (VISC), yag laser, 
Ctc: 


6: Endolaser photocoagulation combined with 
advances in instrumentation techniques, even to 
freely work surgically within the vitreous cham- 
ber, now make it possible for ophthalmologists 
even to save a severely traumatized eye, a feat 
which would have been considered impossible 
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barely two decades ago. Similarly vitreous sur- 
gery, whith has developed into an independent 
discipline, can now remove pus, introduce potent 
antibiotics and save an eye affected with endoph- 
thalmitis which sometimes follows eye surgery or 
trauma. 


8. The most recalcitrant of problems - the pri- 
mary retinal degenerative conditions like senile 


macular degeneration, retinilis pigmentosa, etc, 
are now being attacked by attempts to transplant 
the retina. It is estimated that retinal trans- 
plants will be able to offer vision to persons af- 
flicted by these conditions within five to ten 
years. 


Ref: S. Natarajan, 1989 A Peep Into the Eye,Science 
Express, October 3, 1989. 


Ultrasound Biometry - Aid for Artificial Lens Implant 


Artificial lens implantation after cataract extraction has gained world wide popularity. Accurate 
calculation of the refractive index of the plastic lens to be implanted is crucial for restoration of normal 


vision: 


Ophthalmic ultrasound biometry enables measurement of the length of the eyeball within an 


error of 0.15 mm. This enables calculation of appropriate refractive index for the particular patient, 


by a non-invasive technique. 


Source : medical focus, 2/1988, pp 20-22. 


Engineering Criteria for Hospital Lighting 


Modern hospitals are highly capital intensive in order to be well-equipped to provide the best pos- 
sible health care. Highly qualified specialists man these hospitals to tackle even those health prob- 
lems hitherto considered beyond human efforts, with the help of the most sophisticated equipment. 
Most unfortunately however, architectural aspects of hospitals including floor space areas of different 
types of areas, lighting aspects, etc. are neglected. An accident occuring to an elderly or handicapped 
individual owing to these factors could be of grievous import, and tarnish with one stroke, the image of 
the hospital. Normally, illumination required for examination and treatment areas, service and ad- 
ministration areas, etc., is well provided. However, general purpose areas like stairways, bathrooms, 
patient waiting rooms, corridors,etc are often neglected, because no special medical procedure is car- 
ried out here. Architectural standards for optimal lighting of different types of general purpose areas 
have been laid down, taking into account several engineering and visual aspects. In the design of hos- 
pitals, these factors should be taken into account to ensure maximum safety. 
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Source: medical focus, 1/1985, pp 58-62. 


32. Technology and Mental 
Health 


Dr. G.N. Narayana Reddy* 


I Introduction 


Mental health has been a neglected subject 
because of many misconceptions which are being 
eradicated gradually. The important misconcep- 
tions are: (1) prevalence rate of mental illness is 
low in developing countries and occur mostly in 
sophisticated industrialised population. It is not 
a problem in developing countries, particularly 
rural areas, (2) the second misconception is that 
mental disorders are due to a curse or posses- 
sion of demon/devils and black magic methods 
only, (3) the third misconception is that there is 
no treatment. If once the illness comes, it will be 
a life long disease without any cure, and (4) four- 
thly that any treatment given for these diseases 
should be by a highly sophisticated person and 
requires specialised training. 


These misconceptions are being proved 
wrong. The prevalence rate as per the epidemiol- 
ogical study done in developing countries, both 
in urban and rural areas indicate that there is no 
difference between the developed and developing 
countries or between the urban and rural areas. 
A number of studies done in different parts of 
India clearly indicate that 1% of the population 
suffer from mental illness and nearly 15 to 20 
per cent suffer from minor psychological distur- 
bances. The cause of mental illness, is not very 
clear; the increasing advances in the field of 
medicine particularly the neurosciences have re- 
vealed that there is a definite biological factor in 
addition to psycho-social factors for the develop- 
ment of psychiatric disturbances. During the 
past 50 years, with the advent of pharmacologi- 
cal treatment a number of drugs have been avail- 
able to treat these patients. It is possible to con- 
trol any excited patient within a few hours. Simi- 
larly the mood of the depressive patients can be 
elevated in a matter of few days. The combina- 
tion of pharmacotherapy as well as the psychoso- 


cial interventions will help a number of psychiat- 
ric patients, and if patients are treated early, 
more than 60% of patients can be cured and 
majority of them can go back to normal activities. 
The care of the mentally ill was isolated earlier 
from the general medical approach. The care of 
the psychiatric patients can be provided in the 
general hospitals and further, various studies 
have shown that they could be treated at primary 
health care level with a community approach. 


I Technologies Advances 


The technology required in the management of 
mental illness is being developed utilising the 
present knowledge of scientific advances. The 
most important progress that has been made 
during recent times is that of acquisition of 
knowledge about mental illness and their man- 
agement. The specialists are able to understand 
the causative aspects of mental illness as well as 
the disease process itself. The new sophisticated 
methodologies developed in the field of psychol- 
ogy, sociology and neurobiology are being avail- 
able in most of the specialised centres. The 
functioning of the brain and structural changes 
that occur in organic psychosis are being under- 
stood with the use of computerised tomography 
(C.T. scan) and recently, use of magnetic reso- 
nance imaging (MRI) as well as Positron Emis- 
sion Tomography(PET). Some of the equipments 
like spectrophotometer, chromatography etc. 
have helped in the understanding of biological 
changes that occur in psychiatric patients as well 
as in monitoring of drugs to assess the blood lev- 
els in patients. Further, to study the electro- 
physiological changes that occur in the brain 
during health and disease, the new sophisticated 
technology of Electroencephalography (EEG) with 
Telemetry and computerisation has been devel- 
oped so that the study could be done both while 
awake as. well as during sleep. These sophisti- 
cated technologies are required for difficult and 
problematic patients as well as for research pur- 
poses. For routine assessment of mental illness 
these equipments are not necessary. 


The mental health professionals have devel- 
oped new approaches to transfer the knowledge 
and technical skills of identifying the problems 
and also manage these psychologically disturbed 
patients. Manuals of instruction have been de- 
veloped for doctors and health workers providing 
primary health care. The two weeks orientation 
training programme for General Medical Practi- 


* Professor of Neurosurgery, National Institute of Mental Health and Neurosciences, Bangalore. 


tioners has been developed with clearcut curricu- 
lum and syllabus. Similarly one week training 
programme has been developed for health work- 
ers. The tasks of health workers are: 

(1) management of psychiatric emergencies 

(e.g. acute excitement, crisis situation) 
through simple crisis management skills 
and appropriate utilisation of specified 
medicines. 
(2) administration and supervision of mainte- 
mance treatment for chronic psychiatric 
conditions in accordance with guidance 
by the supervisors, 


recognition and management of grandmal 
epilepsy (particularly in children) through 
utilization of appropriate medicines under 
the guidance of a medical doctor, 


(3) 


(4) liaison with the local school teacher and 
parents in matters concerning the man- 
agement of children with mental retarda- 
tion and behaviour problems, 

(5) counselling in problems related to alcohol 
and drug abuse. 


The tasks of Primary health centre doctor or gen- 
eral practioner are: 

(1) Supervision of the MPW’s performance of 
specified mental health tasks, 


elementary diagnostic assessment of 
cases, using diagnostic and management 
flow-charts, and performing a standard- 
ized basic neurological examination, . 


(2) 


(3) treatment of functional psychosis, 


(4) treatment of uncomplicated cases of psy- 
chiatric disturbances associated with 
physical diseases like malaria, typhoid, 
mild to moderately severe depressive 
states, anxiety syndromes and initial 
stages of functional psychoses with ap- 
propriate drugs. 


management of uncomplicated psycho- 
social problems without use of drugs, 


(5) 


epidemiological surveillance of mental 
morbidity in the area and compilation of 
estimates of needs which would be sub- 
mitted periodically to the next echelon for 


(6) 


161 


review and planning future services. Ina 
way Similar to the MPW’s method of work, 
the medical officer will be guided by speci- 
fied cutoff points for referral of problems 
to a higher level of health service set-up. 


The evaluation of these training programmes as 
well as the effectiveness in the field has been 
done at an interval of 18 months to three years. 
This programme of integrating mental health 
with general health care is being implemented 
during the past seven years. The assessment of 
this has revealed the possibility as well as the 
feasibility of providing mental health care at the 
periphery, using mainly pharmacotherapy with 
simple psychosocial interventions to involve the 
members of the family and the community. In 
view of the successful experiments, this ap- 
proach has been adopted as National Mental 
Health Programme to provide mental health care 
all over the country. The requirement of tech- 
nology at the primary health care level is very 
minimal and with the present technology in the 
general health care, mental health care also can 
be provided. 


During the past three decades it has been 
shown by various studies that the care of the 
mentally ill in the community is more beneficial 
than in the isolated mental hospitals. The old 
concept of custodial care, isolating the patients 
from the society has been changed. A number of 
studies have shown clearly that mental patients 
will recover faster if they are treated in the com- 
munity. In number of countries the mental hos- 
pitals have been or being abolished. However, 
the present thinking is that there is a role for 
mental hospitals to look after the chronic dis- 
trubed patients and to provide models of man- 
agements including rehabilitation. Many severe 
and highly excited. patients could be taken care 
of for two or three weeks in mental hospitals 
and discharged for care in the community. 
Some of these patients may require to go 
through the half-way homes before they could go 
back to the families and to their work. The best 
technology for the management of psychiatric 
patients is to treat them with the family so that 
the family members could be educated and pro- 
vided simple skills to look after these disturbed 
patients. The mental health skills have been 
simplified for a lay man to learn and also to 
change their attitudes. The important factor of 
attitudinal change in the management of these 
patients has been highlighted. This will not only 
help in quick recovery of the patients but also in 
preventing relapse. The burden on the family 


and the community will be reduced by this ap- 
proach. 


World Health Organisation has produced 
number of documents on prevention of mental 
illness, promotion of mental health and manage- 
ment of psychiatric disorders. At present efforts 
are being made to understand and develop effec- 
tive methodologies and skills in the management 
of these patients at different levels of primary, 
secondary and tertiary care. 


While these approaches are proving effective 
in dealing with severe mental disorders, the mi- 
nor psychological problems such as different va- 
rielies of neuroses,drug dependence, and alco- 
holism are on the increase. Psycho-social inter- 
vention techniques have been developed to deal 
with this variety of problems. New approaches 
of mental health skills have been developed to 
cope with stresses and strains. The need for 
change in individual attitudes and life style to 
promote positive mental health is being high- 
lighted and W.H.O. has brought out a booklet 
on prevention of mental, neurological and psy- 
chosocial disorders (W.H.O., 1986, EVA-88.1 
Geneva). 


Behavioural therapy 


New technology, developed in the field of bio- 
feedback using number of equipments are in 
vogue in the management of neurotic patients. 
This technique utilises the physical changes oc- 
curring in states like anxiety, phobia, tension 
etc. The increase in the pulse rate, skin tem- 
perature, blood pressure, respiratory rate, ten- 
sion of muscles are used to feed the individual 
that the person is not relaxed, and helps in 
practicing the instructions to alleviate the anxi- 
ely, unfounded fear and tension etc. Based on 
this principle, behavioural therapy has been 
evolved, to treat number of minor psychological 
disorders including drug dependency, alcohol- 
ism, sexual deviant behaviour and tics. The 
subject or patient is trained over several ses- 
sions to aller the physiological state for overall 
relaxation and thus alleviate the symptoms. 
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Neuropsychology 


Experimental neuropsychology provides an 
interface between psychological functions like 
attention, perception, regulation of voluntary 
motor behaviour and emotions with physiologi- 
cal states. Physiological state may be measured 
by electrophysiological techniques, endocrine 
functions, cerebral blood flow and metabolic 
changes in the brain. Of these, electrophysiol- 
ogical techniques are most commonly applied as 
several noninvasive techniques are available 
which can be applied in human beings, normal, 
or with abnormal conditions. Most widely used 
electrophysiological methods are computed EEG 
analysis, and event-related potential studies. 
The effort is not to derive or arrive at physiologi- 
cal correlates of psychological states, but to de- 
velop psychophysiological models of behaviour, 
by integrating neurophysiology,neuroanatomy 
with psychology. It may be noted that electro- 
physiology has made a quantum jump by appli- 
calions of computer technology. 
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33. Mental Health In India: 
Morbidity Patterns And Mod- 
ern Treatment Techniques 


Dr Ashok Sahni* 


The mental health of a nation is influenced by 
mental health of its citizens— the individuals 
and groups, constituting a nation. The present 
morbidity patterns and the resources in India 
suggest that mental health will be a major health 
problem facing the planners, administrators and 
professionals in India. This paper briefly reviews 
the present mental health morbidity patterns 
and discusses the modern treatment techniques. 


I. Concept of Mental Health 


In 1946 the World Health Organization de- 
fined health as “a state of complete physical, 
mental and social well-being, and not merely an 
absence of disease or infirmity”. Mental health 
and social well-being were given importance 
equal to that of physical health. It marks a new 
era where the study of the human mind and its 
pathology would be lifted into the realm of the le- 
gitimate, out of darkness and the realm of igno- 
rance. In short, the previously existing dichotomy 
between mind and body was dismissed. People 
began to understand that man’s continued exis- 
tence on this earth, in a healthy state, is depend- 
ent on his having a healthy body and mind. 


India was one of the countries which attended 
the world body sittings that evolved the above 
definition of health. The time had come when 
India had to give serious thought to the nation’s 
mental health. The problems of the country were 
enormous and the statistics were staggering. In a 
country, however, where the population num- 
bered in the hundreds of millions, with high illit- 
eracy rates, oppressed by disease and poverty, 
and emerging from two centuries of foreign domi- 
nation, it is clear that mental health might not 
be given top priority. 


(ne ee ee 


“Mental health” is a difficult concept to define. 
Every group or individual has a slightly different 
idea of what this concept means. The WHO, 
which proposed the definition of health quoted at 
the beginning of this paper, has this to say: 


“Good mental health is a condition which per- 
mits the optimal development of the physical, in- 
tellectual and emotional needs of the individual, 
so far as this is compatible with that of other in- 
dividuals. ... . A good society is one that allows 
this development of its members while at the 
same time ensuring its own development and 
being tolerant of other societies”.’ 


UW. Current Status of Mental Health 
in India 


This section on the current status of men- 
tal health in India will be divided into two parts. 
The first will review the estimates of prevalence 
and current psychological morbidity statistics. 
The second part will examine the prevalence of 
psychosomatic disorders. 


A. — Psychological Morbidity 


To understand the magnitude of a problem, in 
any medical speciality and especially in psychia- 
try and the allied behavioural sciences, the fun- 
damental requirement is a large scale epidemiol- 
ogical study which can give us data about a par- 
ticular disease in a given population. A number 
of epidemiological studies in the area of mental 
health have been done in various places in India. 
The results of these studies are highly variable. 
Some variance is due to differences in the char- 
acteristics of the study population (urban and 
rural, southern and northern). Some of the dis- 
crepancies may be the result of sampling tech- 
niques or sample size. 


The largest study of a mixed urban and rural 
population was done by Dube* in Agra. The study 
estimated the prevalence of mental illness at 
23.8/1000 population. 


Sethi et al’, surveying 75,892 urban residents 
near Lucknow found a prevalence of 67.3/1000. 
This figure included neurosis, mental retardation 
and major affective disorders, The same investi- 
gators found a prevalence of 39.4/ 1000 in a ru- 
ral population of 2551. 


* Professor and Hony. Executive Director, Indian Society of Health Administrators, Bangalore. 
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Abraham Verghese® in Vellore found a preva- 
lence of 66.5/1000 in the urban population and 
61/1000 in the rural. These figures indicate a 
higher prevalence of mental health problems in 
India with the greatest prevalence being among 
urban dwellers. 


According to Wig’ there were about 13 million 
persons India who suffered from different types 
of mental illness. Ganguli® studied a ten percent 
sample of textile workers in a factory in Delhi 
and found a prevalence of 125/1000 for psycho- 
neurosis and of 140/1000 for all types of psychi- 
atric disorders. According to a 1971 WHO re- 
port’, there were more than 5 million seriously 
psychotic people in India who received no form of 
western medical aid and at least another 5 mil- 
lion severely subnormal children and adults. 


According to K A Kumar,'® Professor and 
Head of the Department of Psychiatry, Trivan- 
drum Medical College, there are 7.2 million suf- 
fering from mental disorders. 


Table A summarizes the findings of some of 
the major studies that have been done in India 
over the past twenty years. While these studies 
do represent a diverse sampling of the popula- 
tion, they are not comprehensive in their repre- 
sentation. It is clear that the results would need 
to be substantiated by more broad-based exami- 
nations of the problem. Even if one accepts the 
lowest estimates of mental morbidity as correct, 
the problem is of tremendous magnitude. 


Other studies have been done to study the re- 
lationship between migration and psychiatric ill- 
ness. This relationship is important in India 
where there is currently a migration from the ru- 
ral to the urban areas. Dube‘ and Sethi et al” 
have shown that psychiatric illnesses were more 
prevalent among immigrants than among na- 
tives. This pattern persisted after 30 years of ob- 
servations. Bhaskaran et.al’? found psychiatric 
morbidity to be higher in their migrated indus- 
trial population. In their sample of 200 indus- 
trial workers at Ranchi, they found a prevalence 
rate of 370/1000 for migrant workers and 150/ 
1000 for the non-migrant workers. It is clear 
that migration adds to the stress level and, there- 
fore, perhaps to the psychiatric morbidity of the 
individuals involved. 


Mental retardation is also a major problem in 
India. It is estimated that there are between 15 
and 22 million retarded persons in the country 
presently. 
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The rate of suicide is increasing every year. 
According to a WHO estimate, 110 out of every 
1000 suicides in the world occur in India. Stud- 
ies done by Venkoba Rao and Paul'* show that 
suicide rates increased between 1961 and 1971. 
The ratio of attempted to completed suicides 
worsened from 1:12 to 1:9 in Madurai. A report 
published in “The Hindu” on December 12, 1989 
showed a suicide incidence rate of 5.5/1000 
population in Gujarat. The highest rate was 
among people 20-29 years of age. In the same 
study the ratio of female to male suicide was bred 
to 1:0. 

B. Psychosomatic Illness 

As seen in the previous section, the incidence 
of mental illness is high in India. As the society 
faces more and more stresses the prevalence is 
likely to increase. The problem is of a larger 
magnitude if we consider not only those disor- 
ders diagnosed as mental illness (e.g. psychosis, 
neurosis, alcoholism, retardation), but include 
psychosomatic disorders as well. These are 
physical illnesses that have their roots in psycho- 
logical distress. 


The current literature distinguishes three 
stages at which emotional/psychological distur- 
bances can effect the physiological manifestation 
of disease. 


1) Predisposition 
2) Perpetuation 
3) Precipitation 


Psychosomatic disorders are also classified 
according to the organ system affected (e.g. mus- 
culo-skeletal, respiratory, cardiovascular, etc.). 
Some of the more common diseases assumed to 
be, in many cases, psychological in origin or per- 
petuation are hypertension, asthma, dermatitis, 
headaches and diabetes. 


A number of techniques are used to assess 
the degree and sorts of psychological distur- 
bances that precede or aggravate somatic disor- 
ders. Detailed family and life histories are taken. 
Chemical and psychiatric evaluations are done, 
often with the help of comprehensive scales 
es rank and classify the nature of the disor- 

ers. 


The results of many studies on psychosomatic 
disorders were reported by Sethi et al*. Symp- 
toms of psychological disorder were observed in 
forty-five percent of asthmatic patients. Signifi- 
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cantly high rates of neuroticism among skin pa- 
tients were found when compared to a control 
group. Bagadia'’ reported high degree of psychi- 
atric morbidity preceding the onset of diabetes in 
his Indian population. This morbidity was in the 
form of depression and anxiety neurosis. 


Dhirwani has also been studying diabetics. 
Observing the emotional problems in the cases of 
10,000 diabetics he has found that 4890 lost one 
or both of their parents during childhood. Paren- 
tal maladjustment of significant degree was 
found in nine of the cases. The majority of his 
cases came from single unit families. Clinical 
evaluations of these patients showed that in 
8690 there was manifest psychiatric illness that 
preceded diabetic symptomatology. 


Chandrasekar” correlated asthmatic attacks 
with parental loss or deprivation during child- 
hood. He reports that emotional factors can trig- 
ger asthmatic attacks by reflex activation of the 
vagus afferent pathways. 


As Indians are faced with increased stress 
due to changes in the social structure and migra- 
tion to the urban centres we can expect to wit- 
ness an increase in the incidence of psychoso- 
matic illness. Combined with the increasing inci- 
dence of psychiatric illnesses the numbers be- 
come staggering. It is clear that something must 
be done to address this growing problem in the 
area of mental health. How well prepared is India 
to handle this problem? In order to assess this 
we must look at the available treatments and re- 
sources, as well as the obstacles that stand in 
the way. 


I! Modern Treatment Techniques 


Treatments for mental abnormalities can be 
divided into the following five general categories: 
1) Pharmacological and Physical; 2) Psychological 
or Psycho-therapies; 3) Behavioural; 4) Social 
Manipulations; and 5) Traditional. The treat- 
ment can either be administered on an outpa- 
tient or, in what are often more severe cases, on 
an inpatient basis. 


The advent of drugs and physical methods of 
treatment has revolutionized the treatment of 
many psychiatric conditions. While at one time, 
until about thirty years ago, people who suffered 
from acute psychiatric disorders (e.g. schizophre- 
nia or manic depressive psychosis) were destined 
to life long misery and suffering either in institu- 
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tions or on the streets, they can now be treated 
with various drug therapies. As a result of phar- 
macological advances in psychiatry, hospitaliza- 
tion can be reduced and patients can function 
normally and lead productive lives. 


In 1938 Cerletti and Bin introduced Electro 
Convulsive Therapy. Since the 1940s, it has be- 
come one of the most powerful tools available to 
psychiatrists. It has been tested in many differ- 
ent types of psychiatric illness and found effec- 
tive especially in the treatment of the major psy- 
choses. Because of its brutal nature and some of 
its side effects, including memory disturbances, 
ECT is used in a limited number of acute cases. 

Another major breakthrough came in 1954 
with the discovery of the antipsychotic effects of 
chlorpromazine. This drug brought relief to mil- 
lions of psychotic individuals all over the world. 
This was a drug that could quiet excited, anxious 
patients and seemed to cure them. This discov- 
ery was followed by the introduction of numerous 
other drugs: sedatives, anti-anxiety agents, anti- 
depressants, mood elevators, stimulants, etc. 
The list is quite impressive compared to the pau- 
city of such agents only three decades ago. 


In India most of these drugs are available. 
One problem with the use of drugs in the case of 
mental illness is that unlike in many other 
branches of medicine, where drugs work immedi- 
ately or cure, many of these anti-psychotic drugs 
take a long time to effect change or are just 
symptom relievers. As a result there is a great 
likelihood that drug therapy will be discontinued 
by a patient after a while. Many of the drugs 
have side-effects (e.g. tardive dishenesia) that 
may cause the patients some discomfort. An- 
other major reason for discontinuance is cost. 
The costs are both money and time. If the medi- 
cation protocol has to be followed for a long time, 
the patient will require periodic check-ups at the 
clinic or hospital. Often with these centres lo- 
cated far from a patient’s home these visits may 
become difficult to make and the drugs will 
therefore be discontinued. 


The psychological methods or psychothera- 
pies consists mainly of talking to the patients. 
This may happen either individually or in groups. 
Some of the varieties of psychotherapy that are 
practiced include: Psychoanalytic therapy, client 
centered therapy and rational emotive therapy. 
The most important prerequisite for any of these 
therapies is acceptance or motivation of the 


client. Psychotherapies are used for all sorts of 
people, but seen to be most effective in the case 
of neurotics or mild psychotics. 


Psychotherapeutic techniques are often im- 
ported from the West. They need to be somewhat 
modified to suit Indian conditions. According to 
Mahal the Indian neurotic is distrustful of for- 
mal relationships and may well be disturbed by 
the exclusivity of traditional therapeutic relation- 
ships. This exclusivity may also disrupt the 
patient’s family. 


Behaviour therapy is based on the psychologi- 
cal principles of learning and conditioning theo- 
ries. Its objective is to remove undesirable be- 
haviours and to reinforce desirable behaviour 
therapy. The major drawback with behaviour 
therapy lies in the fact that only symptoms are 
treated. The individual is not necessarily treated 
as a whole. Behaviour therapy is relatively new 
in India and is only available in a few large 
centres. 


Society-oriented varieties of therapy consist of 
therapies that modulate or manipulate the envi- 
ronment of the patient that may be noxious to 
his mental health. The significant environment 
varies from patient to patient-home, neighbour- 
hood, and work place are three examples. At 
times the affecting environment may be too com- 
plex or large to manipulate. In this case a pa- 
tient often relapses when returned to the enviro- 
nment that was believed to precipitate his illness. 


Child guidance clinics are run specially to 
treat and help emotionally disturbed children. 
The mest common etiological factors for emo- 
tional disturbances in children are the home, 
neighbourhood or school environment. 


Family psychiatry is also a new field in India. 
It was pioneered by the late Dr Vidyasagar in 
Amritsar in the early 1960s. The family of a pa- 
tient is treated as a whole in an effort to help the 
individual patient. 


Occupational therapy is another vital part of 
modern rehabilitative therapy. Patients are 
trained in various crafts and trades to keep them 
physically and mentally occupied. This training 
also helps them feel like more productive mem- 
bers of the society. The training can assist in 
their recovery and in their re-adjustment to life 
after treatment. 


Psychosurgery is another development in the 
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treatment of psychiatric illness that has been in- 
troduced in the last thirty years. Here certain 
parts of the brain are removed or certain connec- 
tions severed in an effort to restore a patient to a 
“normal” state. Initially this practice was received ~ 
with enthusiasm, but the discovery of various af- 
ter effects of surgery have lessened its popularity 
and use. 


There are other forms of therapy that have 
been effective in the treatment of traditional psy- 
chological disorders as well as psychosomatic 
disorders. One of the most effective of these “th- 
erapies” is yoga. In India, according to Ikeoni and 
Fukuoko-Shi” , the Yoga Institutes of Santa Cruz 
in Bombay and Kaivalyadhama of Lonawala have 
reported, over the last fifty years, clinical effec- 
tiveness of yoga in treating many psychosomatic 
and psychiatric disorders. Improvement has 
been seen in anxious and “depersonalized” pa- 
tients who were given Hatha yoga exercises once 
a week for a period*of one year. We see that 
there are a number of varied approaches that 
can be used to alleviate or cure psychological dis- 
turbances that left untreated could cripple a so- 
ciety. Many of the treatments are not used be- 
cause of poverty and illiteracy. In the next sec- 
tion we will examine the available resources in 
India for the practice of these therapies. 


IV. Current Resources and Recom- 
mendations 


Over the past forty years we have seen an in- 
crease in the number of people and institutions 
devoted to the care of the mentally ill in India. 
By 1960 they were over 100. A 1982 report by S 
Sharma?’ reports the current number at close to 
1000. The number of psychologists is between 
four and five hundred according to Sharma. The 
number of psychiatric nurses is somewhere be- 
tween three and four hundred. 


In 1946 there were 13 mental hospitals. At 
present, Sharma?’ reports that there are 38 (34 
under state control) hospitals with a total bed 
strength of approximately 25,000. These hospi- 
tals admit a total of 38,000 and 40,000 patients 
each year. In addition there are about 104 psy- 
chiatry units with inpatient and outpatient units 
serving almost 2 million patients a year. The bed 
strength of these units is about 3,000. 


Although the facilities have grown in number 
over the past forty years, they are still unable to 
meet the ever growing demand. Even the low es- 


timates of mental morbidity predict the number 
at about sixteen million. If the future brings in- 
creased stress and therefore increased 
morbidity,the available resources will prove to be 
less adequate. 


The highest level at which the mental health 
of a country can be scrutinized and solutions can 
be posited is the Government. Hence, health 
planners at the national level ought to realize 
fully the importance of mental health for the in- 
dividuals or the community, and for the nation 
The mental health objectives should be defined, 
taking into account the nature, extent, and con- 
sequences of mental disorders and the resources 
available, in order that reasonable plans are 
made. Decentralization of the mental health 
services and integration of these services with 
those for general health will serve the mental 
health needs of communities to the fullest. To 
this end mental health professionals ought to 
work together with experts in other fields (e.g. 
education, economics, social sciences and public 
health). 
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Evaluation of Modern 
Technology 


34. Health Care Technology 
and Quality Around the 
World — 


Dr. Kirsten Staehr Johansen*, M.D. D.D.S. 
I Background 


The rapid diffusion of high technology proce- 
dures and equipment in health care has pro- 
gressed largely uncontrolled. This development 
is characteristic of the paradigm of modern medi- 
cal care: the medical model of health care cele- 
brates scientific innovations and their applica- 
tions in health care as improvements over con- 
ventional, regional or social practices in health 
and healing. International high-technology ven- 
dors, in conjunction with the scientific com- 
munity,have introduced, manufactured, and le- 
gitimized the use of hi-tech medical equipment 
and related procedures globally, most often with- 
out prospective evaluation, quality assurance or 
comparison with existing technologies. 


Even though high-technologies can be tools to 
promote health,the consequences of applying tec- 
hnologies inappropriately include health care 
cost escalation, unintended health outcomes,and 
social disapproval. Before or during the spread 
of technologies, it is essential thal a comprehen- 
sive scientific evaluation is made, accounting for 
the various economic, social, and cultural vari- 
ables found in specific health regions. Different 
areas may require different solutions. 


Attempts to evaluate health technology and 
the quality of health care have been made in 
various areas of health at both international and 
national levels'. However, these attempts have 
usually been the result of individual, voluntary 


initiatives and therefore, disjointed and restricted 
to a particular health speciality, discipline, or se- 
lected diagnosis. In addition, an English litera- 
ture review of all clinical trials studies performed 
in an ambulatory setting, during a 5 year period, 
revealed that none of the 73 studies examined 
included general health status as an outcome 
measure.”._ Few studies included anything be- 
yond physiological outcome measures. 


It is thus extremely difficult for health care 
policymakers and practitioners operating on na- 
tional or local levels to coordinate efforts and 
make the correct short or long-term decisions re- 
garding appropriate selection of technologies, the 
acquisition of equipment and development of 
treatment standards. To ensure the appropriate 
use of individual technologies and their relevant 
contribution to the improvement in the quality of 
health care, scientific evaluation has become a 
necessity. Reliable assessments are even more 
important for developing countries. These coun- 
tries could benefit by avoiding some of the social 
and economic mistakes that can be documented 
in the developed world with regard to health care 
technologies’ efficacy, efficiency, cost and out- 
comes. 


Prime examples are the unexpectedly large 
variations in many aspects of health care. Re- 
searchers and Government agencies have found 
wide variations in maternal mortality, length of 
hospital stay, referral rates, operation rates, use 
of antibiotics, complications of diagnostic proce- 
dures, and many other health utilization or 
status indicators. Differences in patient mix, 
demography, the severity of a disease and other 
such factors naturally explain some of these vari- 
ations. However, since variations in the quality 
of care are likely, quality assurance is needed to 
reduce these variations and ultimately improve 
outcomes. For example, despite huge invest- 
ments in health care (manpower, materials, edu- 
cation, medicines, etc.), the health indicators of 
many Western countries have not improved con- 
comitantly. Qualily assessment measures and 
intervention methodologies are both difficult and 
necessary as health care systems become in- 
creasingly complex and divergent. 


II Recent Developments 


In recent years the proliferation of new tech- 
niques and approaches has changed the charac- 
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ter of health care remarkably and has affected 
everyone working in the field. The United States 
and the United Kingdom were some of the first 
countries to recognise the necessity for technol- 
ogy assessment in health care, and now technol- 
ogy-focused units are being established in vari- 
ous ministries of health and institutions of other 
countries as well’. 


Even though European health services have 
reached a relatively high standard of quality, 
there are still large differences between and 
within countries regarding the quality, effective- 
ness, and efficiency of health services. Quality 
assurance evaluations can attempt to reduce in- 
effective activities. Thus, both industrialized and 
developing countries need to monitor and coordi- 
nate the wide use of technologies and their im- 
pact on the quality of health services and health 
care delivery. 


II WHO’s European Programme on 
Quality of Care and Technologies 


(QCT) 


WHO's global activities concerning the appro- 
priateness of medical and health technology and 
quality assurance were developed at a relatively 
early stage. A overall programme with the aim of 
facilitating the introduction of newly developed 
health care technologies and evaluating the cost- 
effectiveness of existing technologies for the pro- 
viders of care, health care institutions,and health 
policy-making boards, was iniliated in 1980 in 
the European regions’. 


The Quality of Care and Technologies (QCT) 
Programme became active in 1982 (formerly 
named “Appropriate Health Care Technology”), 
and aims to promote quality assurance (QA) in 
health care technology assessment (TA). Appro- 
priate assessments are based on scientific 
soundness, social acceptability, economic feasi- 
bility, appropriate use, and health outcome?®. The 
QCT approach is action-research motivated. 


The programme serves a clearinghouse on TA/ 
QA information and is the focal point in WHO st- 
ressing the importance of TA/QA metho- 
dologies, policies, and training. This cross-sec- 
tion approach includes categorizing worldwide 
activities, analyzing literature reviews, assessing 
practical results, and integrating national and 
regional polices. By 1990, a comprehensive situ- 
ational analysis of TA/QA activities will result 
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from these inventories. QCT’s ability to commu- 
nicate information and promote the development 
of methods and mechanisms for TA/QA among 
interested parties will be enhanced by a resource 
database, WHO European library, WHO/Univer- 
sity of Linkoping (LINFO) Directory, and journal 
publications’. 


Programme coordinators realize that the spec- 
trum of TA/QA covers an ever increasing range of 
equipment and procedures, systems, devices and 
drugs. However, preliminary results and feed- 
back from collaborators on specific TA/QA proj- 
ects have produced exciting results: the assess- 
ment and subsequent selection of efficient and 
effective technologies that promote better health 
outcomes. 


IV Barriers for Appropriate TA/QA 


A key issue in QA is the relationship between 
quality and costs. One view maintains that QA 
itself costs money and may push the price of ser- 
vices higher; another view is that QA can contain 
costs by eliminating inappropriate services,and 
consequently reduce overall costs. A myth which 
TA/QA hopes to dispel is the belief that expen- 
sive procedures are always equivalent to high 
quality. This goal is particularly relevant as eco- 
nomic pressures to contain health care spending 
have underscored the need for the appropriate 
allocation of limited funds. 


Other pressures lead to the inappropriate or 
premature use of equipment. The desire for pres- 
tige can distort ideas about the real usefulness 
and prudent application of scientific equipment: 
high-speed innovation can mean costly, early ob- 
solescence. The media, like others, might be 
misinformed because detailed evidence of the 
value of certain equipment or procedures are un- 
available. Consequently, hopes about new tech- 
nologies can be raised by sensationalized case 
studies, and subsequently dashed by real appli- 
cations. 


Another barrier to unbaised assessment is the 
reliance on the medical or scientific model of 
health care. This model has almost completely 
neglected the social aspects of care, including in- 
terpersonal relations, patient well-being, and sat- 
isfaction. This narrowed approach has also lim- 
ited QA evaluations in the past usually to 
whether scientific or technical criteria have been 
met during the process of care, rather than fo- 
cusing on the outcome of care. 


V Health for All Targets 


WHO’s QCT Programme complements its 
worldwide health for all strategy and its specific 
regional and global targets, relating to TA/QA’. 
These delineate that by the end of this decade 
each Member State document its TA needs; and 
by 1990, build overall mechanisms for QA of pa- 
tient care within their health care system. These 
targets continue that by late 1990s, each Mem- 
ber State establish mechanisms for the system- 
atic monitoring of health technologies, their ef- 
fectiveness, efficiency, safety, acceptability, and 
cost. 


These general goals are neither limited to eq- 
uipment, devices,and drugs nor to the interna- 
tional policy arena. Clinical practice, health ma- 
nagement and financing at all levels can benefit 
by the evaluation process. In addition, because 
the concept of quality incorporates both con- 
sumer. and provider elements, a multi-sectored 
analysis is important as this method attempts to 
ensure provider, payer, and patient,involvement 
in the overall QA process. 


VI Methodology 


Dynamic involvement of all sectors of the com- 
munity should help in TA/QA. Specifically, ap- 
propriate technology is defined as methods, sys- 
tems, procedures, drugs,techniques and equip- 
ment that are scientifically valid, adapted to local 
needs, acceptable to those who use them and to 
those they are used on, and able to be main- 
tained with resources the country or the commu- 
nity can afford®. New technologies should be se- 
lected from assessment based on their cost, sus- 
pected misuse, the availability of methods for as- 
sessment, widespread interest in the particular 
problem they address,the potential scope of their 
application, and the ability to obtain or access 
data for assessment. 


QA denotes a spectrum of desirable character- 
istics of care: effectiveness, efficacy, efficiency, 
equity, acceptability, accessiblity, adequacy, and 
scientific/technical quality. These can be meas- 
ured by health care outcome: reduction of death, 
disease, disability, and complications and aggra- 
vations of disease; the enhancement, mainte- 
nance and restoration of health; the ability of 
treated patients to participate in social and eco- 
nomic life; the alleviation of pain and discomfort; 
humane conditions of death in terminal illness, 
general well-being, satisfaction of patients and 
consumers with care; and reasonable costs. 
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Both TA/QA require active support. Creative 
information processing,financial incentives, ev- 
aluation policies,technology transfers, and ap- 
propriate laws, developed through intensive in- 
ternational and intra-organisational collabora- 
tion, are methods to achieve TA/QA. QCT not 
only attempts to facilitate this communication, 
but also uncovers areas where further research 
and development are required. 


VII Research Protocols 


WHO Member States and the QCT Program- 

mer had early on defined a number of ares which 
should be given priority for developing TA/QA 
methodology. 
The intention of QCT’s approach is to provide 
health care policy makers and worker with the 
tools of self-evaluation and monitoring of TA/QA. 
It is vitally important to learn how the same 
health problems are solved in different ways 
within different cultures, all with their own medi- 
cal systems and financial constraints. Applica- 
tion of the same protocols in different settings 
allows for fruitful comparison between individu- 
als and regions’. 


However, research protocols require standa- 
rds. International experts have agreed on the fol- 
lowing common parameters: the technological 
aspect—accuracy, reproducibility, reliability; the 
diagnostic and/or therapeutic aspect — invasive- 
ness, side effects, higher precision, time delay in 
obtaining results; the health outcome aspect— 
rate of cure, survival, recurrences, sequelae, 
complications; the economic aspect—total and 
partial cost of the disease, social cost,cost-benefit 
analysis; the socio-psychological aspect—pa- 
tient/staff, cultural, and regional acceptance, 
and the appropriate application—defining the ar- 
eas or countries where a given technology can be 
applied at a certain point in time. These parame- 
ters underscore the idea that the appropriate- 
ness of the technology will vary from one area to 
another and evolve over time. 


VII Current activities 


QCT on-going and recently initiated activities 
and research, exemplifying the TA/QA process, 
include the following: 

Communication Technologies 


(1) 


° 


Publication of "Appropriate Information 
Systems for Primary Health care-Guidelines for a 


Computer Based System: — a practical manual 
for obtaining and handling information at the 
Personal Computer (PC) level. Field trials started 
in Portugal and United Kingdom 

Collaboration with European Federation for 
Medical Informatics on information systems and 
technology assessment. 
Study testing the use of PCs for monitoring 
and self-evaluation in the area of maternal and 
child health care in a number of countries in 
Central Europe, South East Asia, Eastern Medi- 
terranean, and Westem Pacific regions. 


° 


Hospital Infection Control 


(2) 


° 


Development of DANOP-DATA System solt- 
ware for the continuous surveillance, monitoring 
and self-evaluation of surgical wound infections. 
Software trial in 11 European countries, in use 
in China and Thailand. 

Variation in Health care 


(3) 
é Network for the study of variations of 
health care practices; establishment of the 
Copenhagen Collaborating centre for the Study of 
Regional Variations in Health Care. 

% Study design on bacterial tonsillitis in or- 
der to determine the variations in diagnosis and 
therapy in relation to clinical outcomes and cost. 


(4) TA for Medical Equipment 


: International insulin pump study (Albania, 
France,Finland, German Democratic Republic, 
Hungary, Norway, Spain, United Kingdom, and 
Yugoslavia). 


(5) Health Policy 


- Analysis of equipment costs and formula- 
tion of quality indicators and targets on diabetes 
management, with the collaboration of the Inter- 
national Diabetes Federation. 


(6) Use of Laboratory Procedures 


. Development of criteria for utilization of 
laboratory tests; collaboration with European 
Committee for Clinical Laboratory Standards. 


(7) Drug Use 


2 Evaluation of the consumption of anti- 
biotics,parlicularly aminoglycosides and its influ- 
ence on the occurance of mulli-resistant bacteria 
(Austria, Czechoslovakia, Denmark, France, Fed- 
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eral Republic of Germany, Hungary, Italy, the 
Netherlands, Spain, Sweden, Thailand, and the 
United Kingdom) ®. 

Study of the effect of iron quantity in milk 
child’s growth and health in Hun- 


° 
formulas ona 
gary. 


° 


Study of iron prophylaxis during pregnancy 
in Finland. 


Imaging Technologies 


(8) 


° 


Evaluation and promotion of the basic ra- 
diological system (BRS) in Albania, Denmark, 
Iceland, Hungary, Malta, Morocco, Norway, Por- 
tugal, Spain, the Union of Soviet Socialist Repub- 
lics, and the United Kingdom. 

Production and distribution of a video-cas- 
sette on the “Rational Use of Radiodiagnostic In- 
vestigations,” for the BRS. 

: Evaluation of cost-efficiency of the BRA 
(Albania, Cyprus, Iceland, Israel, Jordan, Malta, 
Morocco, Portugal, Spain, Sweden, Tunisia, the 
United Kingdom, and Zimbabwe). 

x Evaluation of the magnetic resonance im- 
aging (MRI) as it influences diagnoses, therapies, 
health outcomes, economics, and patient accep- 
tance. 

s Future study on the clinical utilization of 
magnetic resonance spectrometry (MRS). 

° Production and distribution of a video-cas- 
sette on the “Rational Use of Ultrasound in Diag- 
nosis.” 


International Coordination. Many of the 
protocols and models designed by QCT and col- 
laborators are being integrated in the TA/QA 
process. The programme relies heavily on pro- 
motion through international meetings as forums 
to discuss the objectives and methods outlined 
by WHO's QCT Programme. Appendix A con- 
tains a reference list of conferences either organ- 
ized by WHO with QCT presentations or resulted 
from activilies initiated by QCT. 


IX Conclusion 


Communication, education, and feedbacks are 
important aspects of the QCT programme. The 
necessity for a joint responsibility between WHO 
and interested parties is clearly demonstrated,as 
all of the activities described address global he- 
alth problems. Research and protocol applica- 
tions have been designed in such a way that all 
countries can join,poor and wealthy alike. 


The ultimate objective of TA/QA is to improve 
health care in terms of outcome, functional abil- 


ily, patient well being, consumer satisfaction and 
use of fesources,by shaping health policy and 
practice. These goals require effective manage- 
ment and cooperation in order to implement ac- 
tivities at the institution , area, national, and in- 
ternational levels.* 


Appendix A: CT Conference Reference List 
Selected Meetings from 1988: 


° 


“Evaluating Medical Practice: the case of 
Hysterectomy”, in conjunction with the 


_ Copenhagen Collaborating Center and 


studies on regional variation, Jan. 1988. 
“Workshop on Appropriate Technology in 
Developing Countries,” Marburg, Jan. 
1988. 

“International Conference: The Hospital 
System: An Organizational Challenge for It- 
aly in the “90s,” Rome, March 1988. 

“WHO Health Strategies for Europe,” Co- 
penhagen, April 1988. 

“European Health Policy Forum (EHPF)— 
QA/TA Course,” Brussels, June 1988. 
“EHPF—MRI Course,” Brussels, June 1988. 
“Eighth African - European Congress of the 
International Society of Radiographers and 
Radiological Technicians,” Helsinki, July 
1988. 

“The Use and Misuse of Antibiotics 
Worldwide,” focusing on antibiotic treat- 
ment for diarrhoea, urinary tract infections, 
respiratory tract infections and surgical 
prophylaxis, Freiburg, Oct. 1988. 

“Nordic Clinical Chemistry Project (NOR- 


_DKEM),” focusing on quality assurance and 


appropriate utilisation in the field of labo- 
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ratory technology, Copenhagen, Oct. 1988. 
“Role of Advanced Medical Technology in 
Hospitals and Health Services,” Sofia, Oct. 
1988. 

“Extracorporeal Shockwave Lithotripsy,” fo- 
cusing on future medical, technical, eco- 
nomic, and policy implications, Sweden, 
Nov. 1988. 

“EHPF—Adverse Drug Reaction Monitoring 
Systems,” Brussels, Nov. 1988. 
“EHPF—Appropriate Technology for Pri- 
mary Health Care,” Brussels, Dec. 1988. 
“WHO Conference on Perinatal Technolo- 
gies and Care,” Melbourne,Dec. 1988 
“WHO Conference—Information Systems 
and Appropriate Technologies,” Jaipur, 
Dec. 1988. 


Future meetings: 


‘ “DANOP-DATA System results,” Copen- 
hagen,April 1989. 

. “Health Effect of MRI,” Switzerland, Sept. 
1989. 

" “Quality Assurance and Laboratory Tech- 
nology,” Yugoslavia, Fall 1989. 


: “WHO Drug Utilization Research Group,: 
the Netherlands, June 1989. 
“International Diabetes Federation Policy 


Meeting,” St. Vincent, Oct. 1989. 
e “Sixth World Conference on Medical Infor- 
matics— MEDINFO 839,” Beijing, Oct. 1989 
S “Appropriate Technologies and Quality for 
Services for Better Health,” focusing on in- 
formation systems, family health, policy, 
and technology, New Delhi, Feb. 1990. 
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SUBJECT & AUTHOR INDEX Arthroscopy 90, 92, 98 


arthroscope aided surgery 2, 90, 98 
Artificial anal sphincter 149-153 


Abbreviated Injury Scale (AIS) 114, 115 (sacral sphincter implant) 
Ablative arrythmia surgery 7, 19 Artificial heart 81 

cryosurgical ablation 80 Artificial Prosthetic (Cardiac) Valves 81 
Abnormal metabolism 1 Aspiration cytology 54 
Abortions 72 Atrial activity 4 

ultrasound in late abortions 72-73 Atrial kick 8 
Accident and Emergency Services 2 Automated Obstetrics Doppler 71 
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combination with perfusion scintigraphy 27 


Triage method (of scoring) 114 
Tsan 87 
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Tuberculosis 3 
Tzivoni et al 26 
Ultrasonotripsy (in gynaecology) 71 
Ultrasound 1, 5, 45, 52 
ultrasound in gynaecology 2, 68-69 
realtime ultrasound 34, 38, 51 
guidance in interventional radiology 34 
high frequency ultrasound probe 34 
Doppler ultrasound 31, 34, 37,51, 52 
transabdominal (TA) 39 
transvaginal (TV) 39, 52 
intracavitary sonography 39 
transrectal sonography 39 
Doppler ultrasound in neurology 60 
in diagnosis of cervical incompetence 72-73 
endoscopic ultrasonography 77 
in urology 100-101 
in ophthalmology 158-159 
ultrasound biometry 159 
Uris etal 88 
Urodynamics 66-67, 101 
Urography 35, 52 
toxicity of 52 
Urological Association of America 99 
Urology Society 99 
Urology 2, 99 
Vaccum extraction (of foetal head) 
modifications 70 
Valvular disorders 5, 6 
stenosis 5 
regurgitation 5 
dysfunction, assessment of 12 
Vascular grafts 79 
Dacron grafts 79 
autogenous grafts 79 
Vascular interventional procedures 35 
Ventricular depolarisation 20 
Ventricular ejection fraction 5,20 
right ventricular ejection fraction 5 
left ventricular ejection fraction 5 
Ventricular late potentials 4 
Villaneuva et al 88 
Visually evoked potentials 2,158 
Vitrectomy 158 
Voice-data System(ISDN) 127-129 
Wallace 91 
Watson & Crick 63 
Waugh 91 
Whole body counting 48 
principle of 48 
applications of 48 
Williams 89 
Wing et al 90 
Xenon - 133 
uses of (Table - 1) 50 
X-rays 1, 45, 86 
X-rays in endocardial fulguration a1 
automatic timer in X-ray apparatus 43 
memory short 43 
microprocessors in X-rays imaging 43 
in neurology 59 
in orthopaedics 86 
X-ray image intensifiers 55-58 
with closed circuit TV 55 
with digital data storage 55,96 
mobile units 55 
structure of 55-56 
applications of 5 
advantages of 55,56 
with videoradioscopy link 56 
fibre-optics in 56 
with dual plane image storage 57 
documentation of images in 57 
alphanumeric data input 57 
adjustments and adaptations 57. 


Listings and Display Advertisements 


Here is a list of prominent manufacturers and suppliers of hospital and health care 
equipment. The list has been compiled from various sources. It is not exhaustive and 
does not include the companies and firms which we were not aware of, and also 
companies which did not respond to our enquiries. 


We hope it would be useful to hospital and health administrators for effective 
decisions. 


Listings 
I Cardiology and Intensive Care Unit Equipment 
II X-Ray & Imaging Equipment 
III General Hospital Equipment 
IV Speciality and Superspeciality Equipment 
V Gynaecology & Obstetric Equipment 
VI Pathology & Laboratory Equipment 
VII Anaesthetic and Related Equipment 
VIII Medical Gases | 
IX Operation Theatre Equipment 
X Dental Equipment 
XI Surgical Equipment 
XII Orthopaedic Equipment 
XIV Aids for the Handicapped 
XV_ Hospital Linen and Related Supplies 
XVI Cold Chain & Refrigeration Equipment 
XVII Computers for Health Care - Hardware & Software Manufacturers 
XVIII Sterilization Equipment 
XIX Pharmaceuticals _ 
XX Disinfectants 
XXI Laboratory Chemicals & Kits 
XXII Disposable Rubber Goods 
XXIII Maintenance Equipment 
XXIV Hospital Communication Systems 
XXV_ Securily Systems 
XXVI Laundry Equipment 
XXVII Kitchen Equipment 
XXVIII Hospital Aseptic Furniture 
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Advertisers 


Anamed Instruments Pvt. Ltd. 
ATL (India) Ltd. 

Bajaj Tempo Ltd. 

Batliboi & Co. 

Blue Star Limited. 

BPL India Limited. 

Brooke Bond India Limited. 
Cadila Chemicals Pvt. Ltd. 


OMNAADLWDN 


Computer Point. 

10. Electronics Corporation of India Limited. 
11. General Surgical Corporation. 

12. Hindustan Antibiotics Ltd. 

13. Hindustan Photo Films Mfg Co Ltd. 

14. Indian Telephone Industries Limited. 

15. Indchem Electronics Limited. 

16. Jay Pee Exports Ltd. 

17. Kale Consultants Private Limited. 

18. Karnataka Antibiotics and Pharmaceuticals Limited. 
19. Karnataka State Financial Corporation. 
20. Mahindra & Mahindra Limited. 

21. Rallis India Limited. 

22. Serum Institute of India Ltd. 

23. Sinter Plast Containers. 

24. United India Insurance Company Ltd. 
25. Utility Engineers (India) Ltd. 

26. Voltas Limited. 
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Cardiology and Intensive Care Unit Equipment 
ANAMED INSTRUMENTS PVT. LTD, 501 Janmabhoomi Chambers, W.H. Marg, Bombay - 400 038 


BHARUCHA INSTRUMENTATION & CONTROL, 7 Camanagar, Mile 3/1, Nagar Road, P.O. Dunkirk Lines, 
Pune - 411 014 


CARDIOTRACE ELECTRONICS, C-20 DSIDC Indl. Complex, Rohtak Road, Nangloi. Delhi - 110041 
CONTROL DYNAMICS SYSTEMS, 2412 Sidikola Pole, Near Kalupur Gate, Ahmedabad - 380 001 
ENCARDIO-RITE ELECTRONICS PVT, LTD, Avanti; Fyzabad Road, Lucknow -226 007 
ELECTROMEDICALS, 23/2 Manoramaganj, Indore - 452 001 

ELECTRONIC ENGINEERING CORPORATION, T-4, Vikram Sarabhai Estate, Madras - 600 041 


GENERAL ELECTRONIC INSTRUMENTS, 12-2-458/3, First Floor, Hill Colony, Mehdipatnam, Hyderabad - 
500 028 


INDCHEM ELECTRONICS LIMITED, 221, TTK Road, Madras - 600 018 


LARSEN & TOUBRO LIMITED, Medical Equipment Division, Indian Cancer Society Building, Plot No. C/6 
Bandra Kurla Complex, P.B. No. 8119, Bandra East, Bombay - 400 057 


J N MARSHALL PVT. LTD, Bombay-Pune Road, Kasarwadi, Pune - 411 034 

MITRONICS, 9/10 Vakils Industrial Estate, Valbhat Rodd, Bombay - 400 083 | 

KARDIO CONTROL CO., A-23, Wasirpur Industrial Area, Delhi - 110 052 

KODY MEDICAL ELECTRONICS LTD, 2, 12th East Street, Kamaraj Nagar, Madras - 600 041 
MEDICANICS, 10.Seventh Cross Street, Indira Nagar, Adyar, Madras - 600 020 

PUNJAB BIO-MEDICAL EQUIPMENTS LTD, B-99 Phase VIII, SAS Nagar, Distt, Ropar, Punjab 
UB ELECTRONIC INSTRUMENTS LIMITED, 99 Gun Rock Enclave, Secunderabad - 500 003 
XRAY & ELECTROMEDICALS (INDIA), Malabar View, Chowpatty, Bombay - ati 007 

X-Ray & Imaging Equipment 

ASIAN SURGICAL CO., Nampally Station Road, Post Bag. No. 3, Hyderabad - 500 001 


BLUE STAR LIMITED, Medical Electronics Department, Sahas, 414/2, Veer Savarkar Marg, Prabhadevi, 
Bombay - 400 025 


CARDIOTRACE ELECTRONICS, C-20 DSIDC Indl. Complex, Rohtak Road, Nangloi Delhi - 110 041 
DHANAVANTARI MEDICARE PRIVATE LTD, Milan, 563, Somajiguda, Hyderabad - 500 482 


’ 


EASTWEST ENGINEERING & ELECTRONICS CO., 204, Acharya Commercial Centre, Near Basant Cinema 
Chembur, Bombay - 400 074 | 


ELECTRO-MECH CORPORATION, Madhyamgram, 24 Parganas, West Bengal - 743 275 
ELPRO INTERNATIONAL LIMITED, Chinchwad Gaon, Pune -411 033 


ESCORTS LIMITED, 11, Scindia House, Connaught Circus, New Delhi 110 001 
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19. 


ESPI TRADING CO., Neelkanth, 98, N.S. Road Bombay - 400 002 
GEC OF INDIA LIMITED, 6th Chittaranjan Avenue,Calcutta - 700 001 


HINDUSTAN PHOTO FILM MFG CO., LTD, (A Govt. of India Enterprise) Indiranagar, Udhagamandalam- 
643 005 


HYDERABAD ELECTRONIC INSTRUMENTS LIMITED, 99 Gun Rock Enclave, Secunderabad-500003 
I. G. E (INDIA) LTD., Nirmal, Nariman Point, Bombay-400021 
INDCHEM ELECTRONICS LIMITED, Ratna Building, II Floor, 321 T.T.K Road, Alwarpet, Madras-600018 


INTERSONICS SYSTEMS (INDIA) PVT. LTD., 6, Golden beach, G.B. Jukar road, Juhu, Bombay-400019 


KIRTHI MAX 
Medical and X-ray Equipment Engineers, 363, 7th Block, 1st Main Road, Koramangala Bangalore-560034 


KODY MEDICAL ELECTRONICS PRIVATE LTD., 1, 8th Street (East), Kamaraj Nagar, Thiruvanmiyur, 
Madras-600041 


LAB-INSTRUMENTS, 78- A, Jagannath Shanker Sheth Road, “Ratnadeep” 1st Floor, Above Punjab & Sind 
Bank, Bombay - 400 004 


MEDICAL CO-ORDINATORS PVT. LTD., 14 euuedon Estate, 24 Commander-in-chief Road, 
Madras - 600 015 


MEDITRONICS CORPORATION OF INDIA, 101 Shiv Indl. Estate, KrantiveerBhai Bal Mukund Marg, Bom- 
bay - 400 012 


NAYAR SURGICAL WORKS, PB. No. 38, Hall Bazaar Amritsar - 143 001 

P MEDICAL, 103, Cancorde Apts, 6-3-658, Somaji Guda, Hyderabad - 500 482 

PUNJAB BIO-MEDICAL EQUIPMENTS LTD., B-99 Phase VIII, SAS Nagar, Distt. Ropar, Punjab 
PUNJAB TOOLS & INSTRUMENTS, 427-A, Phase II Industrial Area, Chandigarh - 160 002 


SCIENTIFIC & SURGICAL CORPORATION, 71 Canning Street, II Floor, Begree Market P.B. No. 444, Cal- 
cutta - 700 001 


SAHNISONS PRIVATE LIMITED, 4/14-A, Asaf Ali Road, New Delhi - 110 002 


SIEMENS INDIA LIMITED, Medical Engineering Division, 134-A, Dr Annie Besant Road, P.O. Box. Coat 
Worli, Bombay - 400 018 


UNITED, United House, 107-110, Sector 17-B, Chandigarh - 160 017 

UB ELECTRONIC INSTRUMENTS LIMITED, 99, Gun Rock Enclave, Secunderabad - 500 003 
WESTERN LABORATORY SUPPLIERS, 43/18, Chakraberia Road, Calcutta - 700 020 

W.J. ALCOCK & CO (PVT) LTD, 7 J.S. Roy. Road, Calcutta - 700 001 

General Hospital Equipment 

ALLIED SURGICALS & DRESSINGS, Post Box. No. 1158, Bhagirath Palace, Chandhi Chowk, New Delhi 
APOTHE CARIERS SUNDRIES MANUFACTURING CO., P.B. No. 1, New Delhi 110 001 


ASIAN SURGICAL CO., Nampally Station Road, Post Bag No.3, Hyderabad - 500 001 
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HPF, pioneer in the manufacture of 
Medical X-ray Films in India, is all set to 
manufacture, in collaboration with Du 
Pont, Polyester-based Medical X-ray 
Films. 


Ever since commencing operations, HPF 
has been virtually meeting the entire needs of 
Medical X-ray Films of the country. 


Films that are CTA or cellulose triacetate- 
based. But worldwide, the shift is towards 
Polyester-based X-ray Film. 

The State-of-the-art coating technology 
needs polyester as base material. 

HPF is keeping pace with this advance- 
ment in medical science. 

In collaboration with Du Pont, itis already 


engaged in conversion of Polyester-based 
X-ray Film. 


And now, with the same collaborator, it 
is gearing itself up for manufacture of the latest 
generation Polyester-based Medical X-ray Film 
along with Industrial X-ray and Graphic Arts 
Films — on a Rs. 168-crore project. 


Simultaneously, it is diversifying into 
integrated manufacture of Magnetic Tapes — 
for audio, video and computer applications — 
aRs. 9.25 crore project. And, as the first step 
in manufacturing, it is concentrating on con- 
version of international quality Colour Roll 
Films and Paper to meet the changing demands 
from Black and White to Colour. 


Last but not least, HPF is marketing INDU 
Photomaker, an automatic photo-dispensing 
unit for instant photography that’s fast gaining 
popularity amongst entrepreneurs. 


That's HPF: a progressive, profitable 
public sector organisation that not only cares 
for the health of the nation but also keeps itself 
abreast of the changing market demands. 


Hindustan Photo Films Mfg Co Ltd 
(A Government of India Enterprise) 
Indunagar, Udhagamandalam 643 005. 


Marketing Headquarters: 2°S 
Subramanian Building, \INDU / 
Post Box No. 2771, 

No.1 Club House Road, 
Madras 600 002. 


Exposing today 
tomorrow’s needs 


Presenting latest 


see-through polyester 


R K SWAMY/HPF/6603 


INDCHEM 


THE EMERGING IMAGING COMPANY 


brings to India State-of-the-art technology 


from 


ELSCINT INC. 
MEDICAL IMAGING 
FISCHER IMAGING CORPORATION 


world leaders in Imaging Systems. 


-Mobile C—Arm Image Intensilier 
-~-Mammography Systems 

-Nuclear Medicine Gamma Camera 
-CT Scanners 

-Magnetic Resonance Imaging 


INDCHEM IMAGING 


- HI - TECHNOLOGY BACKED UP BY QUALITY SERVICE: 


FOCUSSED ON FUTURE 


Branches: Contact: 


Ahmedabad, Bangalore, INDCHEM ELECTRONICS LTD 
Bombay, Calcutta, 231, TTK Road 

Coimbatore, Delhi Alwarpet 

Hyderabad, Pune, Madras 600 018 

Lucknow, Madras, 

and Trivandrum Tel: 450205, 454936, 454849 


‘BLUE STAR 
the hi-technology Company 


The permanent magnet saves on 


space and operating costs and 
offers excellent image quality 


Hitachi Permanent Magnet MRI System is the 
winner of the coveted International R&D 100 
Award for 1988, awarded to the top 100 
inventions of the year. 


Blue Star has successfully installed over 32 

CT scanners country-wide and now brings 

the advanced Hitachi Permanent Magnet 

MRI system to India. 

Compact and sleek, the System is loaded 

with never-before features: 

@ System power consumption as low as 
3 KW per hour. No need for expensive 
helium or water cooling — operating cost 
is approxirnately one-tenth of a 
conventional super conducting system. 

® Highly sensitive solenoid receiver coils for 
exceptional image quality. 

@ Spacious, non-claustrophobic gantry 
aperture and low patient couch. 

® Gantry weight only 9.6 tons. 

@ Magnetic shielding is not required. 

¢ Occupies only 30 sq. m. space. 


@ Easy to install and maintain even in 
existing buildings. 5-gauss line within 
1.5m. 

e Extensive software, standard as well as 
3-D, Cine-imaging, Gradient Echo. 


Above all, the System comes to you with the 
assured backing of Blue Star support services 
— site planning, system installation, operator 
training, maintenance and servicing. 


Blue Star — the medicarists. 
em % i oN ; 


For detailed cost — benefit comparison please 
contact: 

The Assistant Manager 

Medical Electronics Department 


Blue Star Limited 
Sahas, 414/2 Veer Savarkar Marg 
Prabhadevi, Bombay 400 025 
Tel: 430 61 55 
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BLUE STAR 


the hi-technology Company 


Blue Star presents 


the HP Colour Flow Ultrasound System. 
For detection of complex cardiac flow abnormalities. 


™ wy Now, Blue Star offers you an 
- “Y extremely flexible imaging system. 
~ The HP Sonos 500. It lets you 


‘ 


BAG switch over from Black & White to 
ANY a ee. Colour imaging, as and when your 
diagnosis demands — with the use of 
just eight simple controls. 

Discover the difference in picture 
Clarity — the highly sensitive flow 
detection, for instance. You can see 
the spatial extent of the flow and 
~ locate abnormalities rapidly, and 
\ . —— reduce examining time as well. | 

‘ The HP Sonos 500 is packed with a 


— | host of other advantages too: 
\ e All transducers are capable of colour 


flow mapping, Superior 2-D and 
M-mode imaging, and PW Doppler 
display. 

@ Depth settings — from 4 to 24 cms 
enable you to visualize flow in a wide 
range of cardiac applications. 

@ 2.5 MHz, 3.5 MHz, 5.0 MHz 
transducers. 

@ 2.5 MHz/1.9 MHz imaging 

CW transducer. 

® A choice of hard copy devices — Strip 
Chart Recorder, Video Printer, Multi- 
format Camera, Colour Camera. 


e Upgradable — new system capabilities 
can be incorporated cost effectively. 

@ Long-term reliability for greater 
confidence in your diagnosis. 


Blue Star, the largest supplier of colour flow 
systems in India, has a team of factory- 
trained engineers and an ample supply of 
spare parts. Best of all, whether you own a 
System now or plan to buy one, you can add 
colour flow mapping whenever your imaging 
needs call for it. 


For further details, please contact: 
Blue Star Limited 

Medical Electronics Department 
Sahas, 414/2 Veer Savarkar Marg 
Prabhadevi, Bombay 400 025 
Telephone: 430 61 55 
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ATL India Limited 


(an INDCHEM-ATL, U.S.A. Joint Venture ) 


World Leaders in Diagnostic Ultrasound Systems 
Offers a World Class Range of 
Ultrasound Equipment Including 
Echo Cardiography & Colour Doppler Systems 


Branches : Contact : 


Ahmedabad, Bangalore, 

Bombay, Calcutta, ATL (India) Limited 
Coimbatore, Delhi 231, TTK Road 
Hyderabad, Pune, Alwarpet 


Lucknow, Madras, Madras 600 018 
and Trivandrum Tel: 450205, 454849, 454936 
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ASHOK METAL INDUSTRIES LIMITED, 157, Netaji Subhash Chandra Road, Calcutta 700 001 

ATLAS SURGICAL COMPANY, 332 Lajpat Rai Market, New Delhi - 110 006 

AUTOMETERS LIMITED, 22, Mahatma Gandhi Marg Lajpatnagar IV, New Delhi 110024 

BENSONS SURGICO, 42, Industrial Area Najafgarh Road New Delhi 110 015 

BIOCARE EQUIPMENT, 702, Vaishali Apartments Janki Kutir, Juhuvile Park West, Bombay 400 O56 
CONTROL DYNAMIC SYSTEMS, 2412 Sidikola Pole, Near Kalupur Gate, Ahmedabad - 380 O11 
DECCAN PORCELAIN AND ENAMEL WORKS, 2707, Bakaram Murshirabad, Hyderabad 500 048 
DIAL RUBBERS WORKS, Sonawalla Cross Road, Goregaon East, Bombay 400 063 


EASTERN TRADING CORPORATION 
949, Lajpat Rai Market, Chandni Chowk, Delhi 110 006 


ELECTROMEDIK PRIVATE LIMITED, 35/52, Industrial Suburb, Yeswantapur, Bangalore - 560 080 


ELECTRONIC ENGINEERING CORPORATION, Medical Systems Division, T-4 Dr Vikram Sarabhai Instron- 


ics Estate, Madras 600 041 

ELAHI ELECTRONICS PVT. LTD, 5, Madhuvukarat 4th Street, Alanduri, Madras 600-006 
ELPHIN STONE METAL ROLLING MILLS, 154, Bapu Khote Street, Bombay 400 006 
ELPRO INTERNATIONAL LIMITED, Chinchwardgaon, Pune 411 033 

ENKAY RUBBER CO., 156 D Kamalanagar, Delhi 110 007 


GALTRON ELECTROMEDICAL INDUSTRIES, 118, Nahar & Seth Industrial Estate, Andheri (East), Bombay 
- 400 093 


HARSHADRAY PRIVATE LIMITED, Jiji House, Reveline Street, Bombay 400 001 

HELIX LATEX INDUSTRIES, C 11 6 Model Town, Delhi 110 009 

HICKS THERMOMETERS (INDIA) LIMITED, Industrial Estate, Aligarh, Uttar Pradesh 200 001. 
HINDUSTAN SYRINGES PVT. LTD., 44, Industrial Area, Faridabad 

INSCORED INDUSTRIES PVT. LTD., Shastri Marg, Bombay 400 080 

INSTRUMENTS & MACHINES INC., 3 Arumuga Naichen Street, II Floor Anna Raod, Madras - 600 002 
JAPSIN INSTRUMENTATION, 40, Picket Road, Kalbadevi, Bombay 400 002 | | 
JAMBOTKAR ENTERPRISES, Grease House, 2 B Jakeria Bunder Road, Sewree, Bombay - 400 015 
JINTAL CLINICAL THERMOMETER CO (I) PVT. LTD., Surendranagar-1, Gujarat State 

JAY SURGICALS, 32/A Bhiwandiwala Bldg. L.N. Road, Matunga, Bombay - 400 019 


LAB-INSTRUMENTS, 78-A Jagannath Shanker Sheth Road, ‘Ratnadeep’ Ist Floor Above Punjab & Sind 
Bank, Bombay - 400 004 


LIBRA INDUSTRIES, Jeevan Sahakar, Sri P.M. Road, Bombay - 400 001 


MEDICANICS, 10, Seventh Cross Street, Indira Nagar, Adyar, Madras 600 020 
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ADVANCED WITH THE MOST MODERN TECHNIQUES IN ALL DISCIPLINES 
IN SURGERY 
RAISED TO MEET THE GROWING DEMANDS FOR LATEST DEVELOPMENTS 


COMPLETED 25 YEARS OF DEDICATED SERVICE TO THE CAUSE 
OF SURGEONS IN MANUFACTURING, EXPORTING 
AND IMPORTING OF ALL 
SURGICAL INSTRUMENTS FOR 


GENERAL SURGERY & UROLOGY 
_ GYNAECOLOGY AND OBSTETRICS 
CARDIO THORACIC NEUROSURGERY 
PLASTIC ENT 
ORTHOPAEDICS OPTHALMOLOGY 
DENTAL ONCOLOGY 
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MODELS OF SOLID STATE 
SURGICAL DIATHERMIES & BIPOLAR COAGULATORS 


OFFERING ALL THE HOSPITAL EQUIPMENT AND 
SURGICAL REQUISITES UNDER ONE ROOF 


ELECTRONIC THERMOMETER & PNEUMATIC DRILL 


GENERAL SURGICAL CORPORATION 
144, IYYA MUDALI STREET, 
CHINTADRIPET, 

MADRAS - 600 002_ INDIA. 


TELEX : 041-6595 'GENU IN' 
TELEPHONE : 566585 & 566487, 
TELEGRAMS : GENSURG 
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MILES INDIA LIMITED, P.B. No. 507 Vadodhara - 390 001 

M SHAH & CO., Kanji Mansion 311, S Patel Road, Bombay 400 004 

MACPHIL & CO. PVT. LTD., B 3, Wagle East Panchpakkadi, Thane 4, Maharashtra 

MEDICAL EQUIPMENT CO., 48/1, R H Road, Madras 600 060 

MITRONICS, 9/10 Vakils Industrial Estate, Valbhat Road, Goregaon (East), Bombay - 400 063 


NATH BROTHERS (AGENCIES), Ashoka Estate, Ground Floor, Loft No:3, 24 Barakhamba Road, New Delhi 
- 110001 


NATIONAL INSTRUMENTS LIMITED, 150 A/3 Anna Salai, Madras 600 002 

OCEAN SURGICAL COMPANY, 51/2 D.B. Gupta Road, Karol Bagh, New Delhi 110 005 
R K KULLAR & CO., C-203, Naraina Industrial Area Phase I, New Delhi 110 028 
OMEGA SURGICAL AIDS, 19, Riverside Road, I] Agraharam Salem 11 

ORIENTAL METAL PRESSING WORKS PVT. LTD, 131, Worli, Bombay 400 018 

PIKAYS MEDICO SURGICALS, 199, Mount Road, Madras 600 002 


PRECISION ELECTRONICS INSTRUMENTS AND COMPONENTS, Ranvir Building 66/70 Princess Street, 
Bombay 400 002 


PHD ELECTROMEDICALS, 201 Gurukrupa, Ram Gali, Opp. Balika Vidhyalay, Kandivil (West), Bombay - 
400 067 


RAJNARAIN METAL INDUSTRIES, Court Road Gandhi Dham, Jagadhri 3 
RITA RUBBER & SURGICAL WORKS, 1579, Bhagirath Place, Delhi 110 006 
SCIENTIFIC SALES CORPORATION, 70/72, S Devji Street, Bombay 400 003 


STAR SCIENTIFIC 
Raut Industrial Estate, 424 A, S Bapat Marg, Bombay 400 016 


SURGICAL EQUIPMENT MANUFACTURING CO., 1-B, Kalpana Bhoomi Estate, Dhudeshwar Road, Ahme- 
dabad 380 001 


SWASTIK THERMOMA CO., E 51, Krishnan Nagar, New Delhi 110 051 

SWIVEL CASTORS ENGINEERING CO., 2, Sidhpura Indl. Estate, Masrani Lane, Kurla, Bombay 400 070 
SAHNISONS PRIVATE LIMITED, 4/14-A, Asaf Ali Road, New Delhi - 110 002 

STANDPLAST SURGICAL INDUSTRIES, E-42/6, Okhla Industrial Area, Phase II, New Delhi - 110 020 
UNIVERSAL INSTRUMENTS LIMITED, 237, Rajamahal Vilas Extension, Bangalore 560 080 

VENUS ENAMEL WORKS, 1333, DB Gupta Road, Karolbagh, New Delhi 1 10 005 

VIJAYALAKSHMI ELECTRIC CO., Sitaram Bldg. 37, Dr Dababhai Naoroji Road, Bombay 400 001 

VGM ENGINEERING WORKS 181/296, New Thippasandra, Bangalore 560 075 

VEER INDUSTRIAL CORPORATION B-8, Industrial Estate, Partapur-13, Madhya Pradesh. 


XRAY & ELECTROMEDICALS (INDIA) Malabar View, Chowpaity, Bombay-400 007 
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MAZDA MANUFACTURING CO. No. 6 Datta Mandir road, Bhandup, Bombay-400 078 


NEEDLE INDUSTRIES (INDIA) PVT. LTD, P.O. 643 243, Nilgiris, /Tamil Nadu 


VIJAY SABRE SAFETY LTD 


Plot Bo 35, Chandivali Village, 
Saki Vihar Road 
Post Box No; 8960, 
Bombay 400 072 


Tel; 583834 Delhi Madras Calcutta 
583641 Ph: 6410386 Ph: 475274 Ph: 261979 


For Instant Artificial Ventilation and Resuscitation, 
Manual and Automatic Resuscitation Systems. 


Speciality and Superspeciality Equipment 
ASSOCIATED ELECTRONIC ENGINEERS, 16, 17th Cross, Malleshwaram, Bangalore- 560 055 


BHARAT ELECTRONICS LTD, (Andhra Scientific Company Unit) Rabindranath Tagore Road, Machili- 
patnam - 521 OO1 | 


CONTROL DYNAMICS SYSTEMS, 2412 Sidikola Pole, Near Kalupur gate, Ahmedabad- 380 001 
ELECTRO- BIOSONICS PVT. LTD, Near South Overbridge, Ernakulam, Cochin - 682 016 
ELECTRONICS CORPORATION OF INDIA LIMITED, Cherlapallim, Hyderabad - 500 762 


ELECTRONIC ENGINEERING CORPORATION, Medical Systems Division, T-4, Dr. Vikram Sarabhai In- 
stronics Estate, Madras- 600 041 


INDCHEM ELECTRONICS LIMITED, 231, T. T. K. Road, Madras - 600 018 

INSTRUMENTS & CHEMICALS (PVT.) LTD, Model town, Ambala city. 

INSTRUMENTS & MACHINES INC., 3 Arumuga Naichen Street, II floor Anna Road, Madras - 600 002 
MAZDA MEDICAL ELECTRONICS, 6, Datta Mandir road, Bhandup, Bombay -400 078 

J.N. MARSHAL PVT. LTD, Bombay -Pune Road, Kasarwadi, Pune- 411 034 

KARDIO CONTROL CO., A-23, Wasirpur Industrial Area, Delhi - 110 052 

MITRONICS, 9/10, Vakils Industrial Estate, Valbhat Road, Goregaon (East) , Bombay - 400 063 


MEDICAL ELECTRONIC INDUSTRIES, 97 Napean Sea Road, 111 Chandralok “A” Ground Floor, Bombay - 
400 006 


MEDITRONICS CORPORATION OF INDIA, 101 Shiv Indl. Estate, Krantiveer Bhai Bal Mukund Marg, Bom- 
bay - 400 012 


RECORDERS & MEDICARE SYSTEMS, 181/5, Phase I Industrial area, Chandigarh -160 002 
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TECHNO ELECTRONICS, Forsythe Road, Lalbagh, Lucknow - 226 001 


UB ELECTRONIC INSTRUMENTS LIMITED, 99 Gun Rock Enclave, Secunderabad - 500 003 


Gynaecology & Obstetric Equipment 
ALLIED SURGICALS & DRESSINGS, Post Box. No. 1158, Bhagirath Palace, Chandni Chowk, New Delhi. 
ASIAN SURGICAL CO., Nampally Station Road, Post Bag No. 3, Hyderabad - 500 001 
ATLAS SURGICAL COMPANY, 332 Lajpat raj Market, New Delhi - 110 006 


DELTA MEDICAL APPLIANCES, 108, Damaji Shamji Industrial Complex, Mahakali Caves Road, Chakala, 
Bombay - 400 093 


ELECTRONIC ENGINEERING CORPORATION Medical Systems Division, T-4 Dr Vikaram Sarabhai Instron- 
ics Estate, Madras - 600 041 


GALTRON ELECTROMEDICAL INDUSTRIES, 118, Nahar & Sheth Industrial Estate, Andheri (East), 
Bombay 400 093 


JAY SURGICALS, 32/A Bhiwandiwala Bldg. L.N. Road, Matunga, Bombay - 400 019 
KALEKAR SURGICAL INDUSTRIES, 305, Shamaldas Gandhi Marg, Bombay - 400 002 


KODY MEDICAL ELECTRONICS PVT. LTD, P.O. Box 8596, Type II-37, Second Phase, V.S.I. Estate 
Thiruvanmiyur, Madras - 600 041 


MEDICANICS, 10, Seventh Cross Sireet, Indira Nagar, Adyar, Madras - 600 020 


NATH BROTHERS (AGENCIES), Ashoka Estate, Ground Floor, Loft No. 3, 24 Barakhamba road, New Delhi 
- 110001 


PHD ELECTROMEDICALS, 204, Gurukrupa, Ram Gali, Opp. Balika Vidhyalay, Kandivli (West), Bombay - 
400 067 


PUNJAB BIO-MEDICAL EQUIPMENTS LTD, B-99 Phase VIII, SAS Nagar, Distt, Ropar, Punjab 
SAHNISONS PRIVATE LIMITED, 4/14-A, Asaf Ali Road, New Delhi -110 002 

SYSTRONICS, (Division of Ambalal Sarabhai Enterprises Ltd). Wadi Wadi, Baroda 390 007 

XRAY & ELECTROMEDICALS (INDIA), Malabar View, Chowpatty, Bombay - 400 007 

Pathology & Laboratory Equipment 

ADAIR DUTT & CO. (INDIA) PRIVATE LTD, 26-A, Sir Phiroze Shah Mehta Road, Fort, Bombay - 400 001 
ALMIL SALES AND AGENCIES PVT . LTD, Sunlight Building, 26-27 Asaf Ali Road, New Delhi - 110 002 
ANAMED INSTRUMENTS PVT.LTD, 501 Janmabhoomi Chambers, W,H.Marg, Bombay - 400 038 
B.P.INDUSTRIES, B- 103, G.T.Karnal Road, Industrial Area, New Delhi -110 033 


BLUE STAR LIMITED, Medical Electronics Department, Sahas, 414/2, Veer Savarkar Marg, Prabhadevi 
Bombay 400 025 | 


CONCORD INSTRUMENTS PVT. LTD, XXXV/459-2, Warriam Road, Ernakulam, Cochin - 682 016 


DIGISUN ELECTRONICS, 6-3-883/8, Greenland Road, Punjagutta Circle, Hyderabad - 500 482 
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Bal sive sran_ 


the hi-technology Company 


The Fein portable 
electrodiagnostic system for 
complete evoked potential 
testing and electromyography 


Nicolet Compact Four: 
With the Nicolet Compact Four you can do 

1) Auditory evoked potentials (AEP) 1) F-waves 
0) Visual evoked potentials (VEP) 1 H-reflexes 
C11 Somatosensory evoked potentials(SEP) 0 Blink reflexes 
O Electromyography (EMG) O Intraoperative monitoring 
1 Nerve conduction velocities (NCV) O Electronystagmography (ENG) 
O Electroretinography (ERG) (1) Decrement Analysis 


O Electro-oculography (EOG) 
The excellence of this Sytsem coupled with Blue Star 
Customer Support Services makes it an outstanding buy. 


For further details, please contact: 


Blue Star Limited Medical Electronics Department, Sahas, 414/2 Veer Savarkar Marg, 
Prabhadevi, Bombay 400 025. Telephone: 430 61 55 ¢ Telegrams: FROSTBLUE @ Telex: 011-71193 


cz Nicolet 
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ELICO PRIVATE LIMITED, 2-E/6, Jhandewalan Extension. New Delhi - 110 055 


GAMA INSTRUMENTS, 26, Peaty Mohan Roy Road, Calcutta-700 027 


HANSEL LABORATORY, 5-B Russel Street, Calcutta. -700 071 


HAZARI TRADING COMPANY, 296, S. Bhagat Singh Road, P, Box.No. 392, Bombay - 400 001 


INDIAN EQUIPMENT CORPORATION .Post Box. No. 2861, Rajendranagar P.O, New Delhi - 110 060 

INSTRUMENTS & MACHINES INC., 3 Arumuga Naichen Street, II Floor Anna Road, Madras - 600 002 
J. MITRA & BROS. PVT. LTD, P. Box. No. 4330, Chiranjiv Towers, 43, Nehru Place. New Delhi - 110 019 
KADAVIL ELECTROMECHANICAL INDUSTRIES, Perumbavoor, Ernakulam - 683 547, Kerala 


KUMAR ELECTRONICS, Dhanwate Chambers, Sitabuldi, Nagpur 


LAB-INSTRUMENTS, 78-A, Jagannath Shanker Sheth Road, ‘Ratnadeep’ 1st Floor, Above Punjab & Sind 
Bank, Bombay - 400 004 


LAB-TEX CORPORATION, 109, Jai Prakash Nagar, Goregaon (East), Bombay - 400 063 


LOGICS, No. 72 (Old No.107) 6th Main, 8th Cross, Malleswaram, Bangalore - 560 003 


MEDICA INSTRUMENT MFG. CO., 


116, Vasan Udyog Bhavan, (Opp Phoenix Mill) 
Senapati Bapat Marg, 
Bombay - 400 013. 


Manufacturers of DSCO & LAPIZ Products:- 


Anaerobic Jar; Autoclave; Serological, Folin Wu & 

Tissue Floatation, Bath; Colony Counter; ESR Stand; 

Seitz Filter; Incubator; Oven; Pipette Washer; Slide Cabinet; 
Instrument Sterilizer; Test Tube Rack & Basket; 

V.D.R.L. Rotator; X-Ray Viewer. 


Tel: 4924037 


MEDICANICS, 10, Seventh Cross Street, Indira Nagar, Adyar, Madras - 600 020 


METZER OPTO-ELECTRONIC INSTRUMENTS PVT. LTD. 110, Himalaya House, 79 Palton Road, Fort, 
Bombay - 400 001 


MICROGRAPHIC AGENCIES, 31 Dady Santuk House, 10 Dady Santuk Lane, Dobi Talao P.B. No. 2502, 
Bombay - 400 002 


MICRO MEGA ELECTRONICS, 10A Madan Tolla Street, Calcutta - 700 005 
MSCO PRIVATE LIMITED, 301, Dr. E Moses Road, Worli Naka, Bombay - 400 018 


REMI SALES & ENGINEERING LIMITED, Instrument Division 14, Shah Industrial Estate, Veera Desai 
Road, Andheri(W), Bombay - 400 058 


SCIENTIFIC & ELECTRONICS, 50, ‘Everest’, 12 Peddar Road, Bombay - 400 026 
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wiih Anamed electronic top loading balances. 


instant & Precision weighing made possible by 
ding Balance: Extensively 


used in Laboratories, Universities, industries 


R&D Centres. A variety of models to choose from.--- 
, model and ask for details. 


0.004 g™. 
0.01 gm. 


0.041 gm. 

9.01/0.004 9™: 
mM-3000 
m-3000 DR 


write to us OF visit US today. 


. Liv. 
7, Sita Estat Chembur, Bombay 400 074. 
Phone: 5 x: 022-551 0942 « Cable: Matchless. 
e e 4% 
Science cine 


Pioneering 


e Electronic Balances : 


Intergrato Precision 
rs e Cardioscopes e Hyd , Analytical e HPLC syste 
ydrogen & Nitrogen pba e Computing - 
plers 


Adimpact 


BLUE STAR 
the hi-technology Company 


The world’s best Technicon Clinical 
Chemistry Analyzers brought to you 
by Blue Star 

Technicon — the world leaders in laboratory automation. 
Blue Star—the leading name for Medical Electronics 


Systems in India. Together we bring you the best available 
range of systems anywhere in the world. 


RA = XI 


@ 240 tests per hour 

e@ Touch-screen operation 
e@ 127 tests in memory 

e 24 colorimetric tests on system at one time. 


RA = 1000 


Proven TRAF technology* 
240 tests per hour 

63 tests in memory 
Rapid changeover of chemistries* 


RA = SOO : 


120 tests per hour 
STAT capability 

Routine chemistries, immunoassays, TDM’s* 
12 reagents on system 


RA = 100 


55-60 tests per hour 

16 parameters on system 

25 pre-programmed tests 

6 customer definable methods 
STAT capability 


* Applicable to RA-XT, RA—1000 and 
RA-500. 
Blue Star has a team of factory-trained engineers and 
an adequate supply of spare parts. You can get an 
analyzer to suit your exact requirement. 


For more information/product demonstration, please contact: 

Medical Electronics Department 

Blue Star Limited, 

Sahas ,414/2 Veer Savarkar Marg ,Prabhadevi, Bombay 400 025 Telephone: 430 61 55 Telex: 71193 
7, Hare Street , Calcutta 700 001 Telephone: 28 01 31 Telex: 7655 

Blue Star House , 133, Kodambakkam High Road, Madras 600 034 Telephone: 47 20 56 Telex: 8379 
2-2-47, 47/1108 , Bolarum Road , Secunderabad 500 003 Telephone: 84 20 57 Telex: 6459 
13,Community Centre , New Friends Colony , New Delhi 110 065 Telephone: 683 42 62 Telex: 75120 


JAISONS BS 3689 


ECIL’s Analytical Instruments — 
Ultimate for Quality & Reliability 


ECIL's range of Analytical Instruments for chemical analysis are designed for 
optimum sensitivity and reliable performance. These dependable, accurate and 
sturdy instruments have application in a wide spectrum of Research, Quality 


Assurance and Industries. 


SPECTROPHOTO 
METER GS5700A 


Wave length range from 

340 to 950 nm. 

Features: 

— Single beam grating 
monochromator. 

— Single silicon 
photodetector to cover 
the entire range. 


UV-VIS SPECTRO 
PHOTOMETER 
GS5701 

For accurate, qualitative 
and quantitative spectral 
analysis of organic and in- 
organic compounds. 


Features: 

— High resolution, single 
beam grating 
monochromator. 


— Highly sensitive. single 
photomultiplier for 


entire range 
190 mm to 930 mm. 


UNDER DEVELOPMENT 


DIGITAL pH METER MERCURY ANALYSER 


PH5652 MA5800D 
Offers an accuracy of 0.01 Offers a measuring range 
pH throughout the range of 20 to 200 ng in 
Features: solutions. 
— High degree of Features: 
accuracy. — Determination of 
— Range 0 to 14 pH and ee TEOY DS 
Oto + 1999mv. nanograms. 
— Readout - Digital IED — Cold vapour atomic 
display. absorption technique. 


INDUSTRIAL (ON- ATOMIC ABSORPTION 
LINE) PH METER SPECTROPHOTO 
PH5663 METER AAS4127 
For accurate, on-line Employs a high resolution 
monitoring of pH of 0-14 single beam, grating 
pH. Accuracy 0.01 pH & monochromator optics. 
dust proof enclosure. Micro Processor Interface 
for Signal Processing. 
Features: 
— Wall mounted/ Panel Features: 
mounted — Modular design on 
_ 5°C to 50°C optical rail. 
— Digital readout of 
— Immersion or Flow nhacvinanae 
Line Electrode sen atibianice & 
Assembly concentration. 
— High & Low Alarm set aon Indigenous & 
Points. imported Hollow 


Cathode Lamps for 


5 Y NED TO 
SYSTEM DESIG AAS. 


SUIT USERS SPECIFIC 
APPLICATION 


Xeip)| =o saratara arvareea sire efvear fates 
(1) P.C. Based Stable Beam Spectrophotometer S G EG Electronics Corporation of India Limited 


(Ratio Recording Type) (2) P.C. Based Atomic 


Absoprtion Spectrophotometer 


(A Govt of India — Dept of Atomic Energy-Enterprtse) 

Instruments Group — ECIL P.O.. Hyderabad-500 762 

TEL: 852540 TELEX: 0425 7058 GRAMS: ECINST 
Branches :Bangalore Bombay Calcutta Madras New Delhi 
Telephone : 29585 4227760 295523 453448 3315780 
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THE MODERN SCIENTIFIC INDUSTRIES, 199, Saket, Meerut - 250 001 


SCIENTIFIC & SURGICAL CORPORATION, 71 Canning Street, III Floor, Begree market, P. Box - 444 
Calcutta - 700.001 


THE SCIENTIFIC INSTRUMENT CO. LTD, 6, Tej Bahadur Sapru Road, Allahabad - 211 001 
SYSTRONICS, (Division of Ambalal Sarabhai Enterprises Ltd.) Wadi Wadi, Baroda - 390 007 
UNIVERSAL BIOCHEMICALS, Enzyme House, Satya Sayee Nagar, Madurai - 625 003 

YORK SCIENTIFIC INDUSTRIES, 1325 Hira Lal Building, Fasil Road, Ajmeri Gate, New Delhi - 110 006 
W.J. ALCOCK & CO., (PVT) LTD, 7 K.S. Roy Road, Calcutta - 700 001 


WESTERN LABORATORY SUPPLIERS, 43/18, Chakraberia Road, Calcutta - 700 020 


Anaesthetic and Related Equipment 
ALLIED SURGICALS & DRESSINGS, Post Box No. 1158, Bhagirath Palace, Chandni Chowk, New Delhi 
ANAESTHETICS, 16, Vakharia Industrial Estate, Ram Mandir Road, Goregaon (West), Bombay - 400 104 


BHARUCHA INSTRUMENTATION & CONTROL, 7 Camanagar, Mile 3/1, Nagar Road, P.O. Dunkirk Lines, 
Pune - 411 014 


CARDIOTRACE ELECTRONICS, C-20 DSIDC Indl. Complex, Rohtak Road, Nangloi Delhi - 110 041 
CENTURY INSTRUMENTS PVT. LTD, SCO 289(!st Floor) Sector 35-D, Chandigarh - 160 036 

INDIAN OXYGEN LIMITED, P 43, Taratala Road, Calcutta - 700 088 

INSTRUMENTS & MACHINES INC., 3 Arumuga Naichen Street, II Floor, Anna Road, Madras - 600 002 
JAMBOTKAR ENTERPRISES, Grease House, 2 B, Jakeria Bunder Road, Sewree, Bombay - 400 015 
J.N. MARSHALL PVT. LTD, Bombay-Pune Road, Kasarwadi, Pune - 411 034 

KALEKAR SURGICAL INDUSTRIES, 305, Shamaldas Gandhi Marg, Bombay - 400 002 


KODY MEDICAL ELECTRONICS PVT. LTD, P.O. Box 8596, Type II-37, Second phase, V.S.I. Estate 
Thiruvanmiyur, Madras - 600 041 


MITRONICS, 9/10, Vakils Industrial Estate, Valbhat Road, Bombay - 400 063 

SUR ELECTRICAL COMPANY PVT. LTD, P-29 C.I.T Road, Calcutta - 700 014 

Medical Gases 

INDUSTRIAL ELECTRODES AND GAUGE LIMITED, 15, Ganesh Chandra Avenue, Calcutta - 700 013 
SOUTHERN GAS LIMITED, Lovedale, Church Landing Road, Cochin - 682 016 

DUDLE PILOT EQUIPMENT, 35, 11th Main, 12th Cross Malleswaram, Bangalore - 560 003 
Operation Theatre Equipment 

ASIAN SURGICAL CO., Nampally Station Road, Post Bag. No. 3, Hyderabad - 500 001 


COGNATE INDIA, F-12, Mayapuri Industrial Area Phase II, New Delhi - 110 064 
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DELTA MEDICAL APPLIANCES, 108, Damaji Shamji Industrial Complex, Mahakali Caves Road, Chakala, 
Borbay - 400 093 


FORBES FORBES CAMPBELL & CO.. LTD Forbes Building, Charanjit Rai Marg, Fort, Bombay - 400 001 
INSTRUMENTS & MACHINES INC., 3 Arumuga Naichen Street, II Floor Anna Road, Madras - 600 002 
HOSLAB, 27, New Empire Industrial Estate, J.B. Nagar, Bombay - 400 059 

JAMBOTKAR ENTERPRISES, Grease House, 28, Jakeria Bunder Road, Sewree, Bombay - 400 015 


JAY SURGICALS 32/A, Bhiwandiwala Building, Lakshamsi Napoo Road, Matunga, Bombay - 400 019 


-KALEKAR SURGICAL INDUSTRIES, 305, Shamaldas Gandhi Marg, Bombay - 400 002 


KUMAR ELECTRONICS, Dhanwate Chambers, Sitabuldi, Nagpur 
MAZDA MANUFACTURING CO., No. 6, Datta Mandir Road, Bhandup, Bombay - 400 078 


MEDICAL CO-ORDINATORS PVT. LTD, 14 Wellingdon Estate, 24 Commander-in-Chief Road 
Madras - 600 105 


MODERN PHARMA & SURGICAL CO., Bara Birwa, Alambagh, Lucknow - 226 005 


PRECISION ELECTRONIC INSTRUMENTS & COMPONENTS, 17, Ranvir Building, 66/70 Princess Street, 
Bombay - 400 002 


MSCO PRIVATE LIMITED, 301, Dr. E. Moses Road, Worli Naka, Bombay - 400 018 
NEW DELHI INDUSTRIES, M-9, Lajpat Nagar-III, New Delhi-110 024 

SAHNISONS PRIVATE LIMITED, 4/14-A, Asaf Ali Road, New Delhi-110 002 

PHD ELECTRONICS, 204, Gurukrupa, Ram Gali, Opp. Balika Vidhyalay Kandivli (West), Bombay-400 067 


X-RAY & ELECTROMEDICALS (INDIA), Malabar View, Chowpatty, Bombay-400 007 


Dental Equipment 

ALLIED SURGICAL & DRESSINGS, Post Box No. 1158, Bhagirath Palace, Chandni Chowk, New Delhi. 
AVCO DEN-MED SYSTEMS, 42,Pusa Raod, New Delhi - 110 005 

COGNATE (INDIA), P-12, Mayapuri Industrial Area Phase, II, New Delhi-110 064 

DENTAL PRODUCTS OF INDIA LIMITED, 25, Ashoka Chambers, BS Pusa Road, New Delhi-110 060 
ELECTROMACK (INDIA). 3626, Darya Ganj, New Delhi - 110 002 

ESSENTIAL DENTAL PRODUCTS, 39, Shahpur Jat, Opp. Asiad Village Gate, New Delhi - 110 016 
MEDEX AGENCIES, 4852/24, Ansari Road Darya Ganj, New Delhi - 110 002 

INDIAN DENTAL TRADERS. 3, Warden Court Gowalia Tank, Bombay - 400 025 

SAHNISONS PRIVATE LIMITED. 4/14-A, Asaf Ali Road, New Delhi - 110 002 


UB ELECTRONIC INSTRUMENTS LIMITED, 99, Gunrock Enclave, Secunderabad - 500 003 
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xI Surgical Equipment 


1. ALLIED SURGICALS & DRESSINGS, Post Box No. 1158, Bhagirath Palace, Chandni Chowk, New Delhi. 


>. ALPHASURGICAL & ENGINEERING CO., 97, AB, Udyog Bhavan Old Prabhadevi Road, Bombay - 400 025 


3. ALLINDIA SURGICAL MANUFACTURING CO., 146, Princess Street, Bombay - 400 002 

4. ANDHRA SCIENTIFIC CO., LTD Janmabhoomi Chambers, Ballard Estate, Bombay - 400 003 
5. APU IMPEX PRIVATE LIMITED, 114-B, Mittal Towers, Nariman Point, Bombay - 400 021 

6. ASIAN SURGICAL CO., Nampally Station Road, Post Bag No.3, Hyderabad - 500 001 


7. BHARAT ELECTRONICS L’ ‘Dp. {Andhra Scientific Company Unit) Rabindranath Tagore Road, Machili- 
patnam-521 001 


8. BHATIA SURGICAL WORKS, 78, Govt. Industrial Estate, Bombay - 400 067 

9. CAPITAL SURGICAL CO., PVT. LTD, 7, B.N.S Marg, Darya Ganj, New Delhi - 110 002 
10. CALCUTTA METALLIC CO., 1, H Mukherjee Streei, Calcutta - 700 025 
11. DEO SURGICAL AND SCIENTIFIC CO., 95, Amersey Road, Bombay - 400 064 
12. EXCON PIONEER INDUSTRIES, 5 and 6, rene Lane, 3rd Floor, Calcutta 700 001 


13. _GALTRON ELECTROMEDICAL INDUSTRIES, 118 Nahar & Seth Industrial Estate, Andheri (East), 
Bombay-400 093 


14. FAIRDEAL SURGICAL CORPORATION, 106, Bank of Baroda Building, Palton Road, Bombay- 400 001 


15. M/S. HOSPINS SURGICAL SYSTEMS, 31/8, Natesam Street, 1st Floor, Next to Siva Vishnu Temple, 
T.nagar, Madras - 600 017 


16. IDEAL SURGICAL CORPORATION, Mansoor Building Princess Street Bombay 400 002 


IMPERIAL SURGICAL CO., PVT. LTD 
4, Malhotra House 


W.H. Marg 
Bombay-400 O01 


Tel: 266511/12. ~ Telex: 11-73410 ISCO IN 
Cable: IMPSURGCO BOMBAY 


For Downs Surgical Instruments & Implants, 
Bird Respirators, ACMI Endoscopes, 
Dow Corning Silicon Implants & Operating Theatre Equipments. 


17. JYOTHI INDUSTRIES, C-31, Industrial Estate, Sanatnagar, Hyderabad - 500 018 


18. KEHRSURGICAL & ALLIED PRODUCTS PVT. LTD, C-34 Panki Indl Estate, Kanpur - 208 022 
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MADRAS SURGICAL EQUIPMENTS CoO., 6, Ritchie St., Madras - 600 002 

N K METAL WIRE FACTORY, Yamunanagar Road, Jagadhri - 3 . 

NATIONAL SURGICAL INSTRUMENTS CoO., 301, Haines Road, Worli, Bombay - 400 018 
SAFEGUARD SURGICALS, Maninagar East, Ahmedabad - 380 008 

SAHNISONS PRIVATE LIMITED, 4/14-A, Asaf Ali Road, New Delhi - 110 002 

KALEKAR SURGICAL INDUSTRIES, 305, Shamaldas Gandhi Marg, Bombay- 400 002 

SHAH MEDICAL & SURGICAL CO., LTD Ajwa Road, Vadodhara - 390 001 

SOUTH INDIA SURGICAL CO., 196, Mount Road, Madras - 600 002 

VOLTAS INTERNATIONAL LIMITED, 28-32, N.G.N. Vaidya Marg, Bombay - 400 023 

VIJAYA SCIENTIFIC & SURGICAL CO., 16, Shreyas, 180, Backbay Recl, Bombay-400 020 
WARDEN SURGICAL CO., PVT. LTD, Maplamahal, Thakurdwar Road, Bombay - 400 002 
WESTERN INDIA SURGICAL CO., 98, S Gandhi Marg, Bombay - 400 002 

X-RAY & ELECTROMEDICALS (INDIA), Malabar View, Chowpatty, Bombay - 400 007 

ZENITH SURGICAL CO., 206, 3 C Mangaldas Building, Mangaldas Road, Bombay-400 002 
Orthopaedic Equipment 

ALLIED SURGICAL AND DRESSINGS , Post Box. No. 1158, Bhagirath Palace, Chandni Chowk, New Delhi 
ASIAN SURGICAL CO., Nampally Station Road, Post Bag No.3, Hyderabad - 500 001 

DELHI SURGICAL & DRESSINGS, Bhagirath Palace, Delhi - 110 006 

ii MUKERJI AND BANNERJEE SURGICAL PVT. LTD, 30/1, College Street, Calcutta - 700 012 
INDIA MEDIKO INSTRUMENTS, 14. Angooribagh Market, Delhi - 110 006 

INTERNATIONAL SURGICAL WORKS PVT. LTD, B-8, UD/3, Kartar Niwas, Jawaharnagar, Delhi - 110 007 


VOLTAS INTERNATIONAL LIMITED, 28-32, N.G.N. Vaidya Marg Bombay - 400 023 


SUVIK ELECTRONICS PVT. LTD. 


Plot 102, GIDC Engineering Estate, 
Gandhinagar -382 028 
| Gujarat 
Ph: 22687,22584,22745,22680 


For Electrosurgical Units, Osteogen System, 
Muscle Stimulator, Ultra sound therapy, 
Transcutaneous Nerve Stimulator, 

Short wave Diathermy and Electronic Traction Machine. 
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Physiotherapy Equipment 


ALIDHARA ELECTRONIC INDUSTRIES, 2 Functional Estate, Extension Udyognagar, Udhna-394 210 


Gujarat 


ASSOCIATED ELECTRONIC ENGINEERS, 166, 7th Cross, Malleswaram, Bangalore-560 055 


DELTA MEDICAL APPLIANCES, 108, Damaji Shamji Road, Industrial Complex Mahakali Caves Road, 
Chakala, BOMBAY-400 093 


ELECTRO-BIOSONICS LTD, Near South Overbridge, Ernakulam, Cochin-682 016 
ELECTRO MEDICAL APPARATUS CO., 3, Tandel Street, South Dongui, Bombay-400 009 


GALTRON ELECTROMEDICAL INDUSTRIES, 118 Nahar & Seth Industrial Estate, Andheri (East), Bombay- 
400 093 


HANSEL LABORATORY, 5-B,Russel Street, Calcutta-700 071 
HITRA EQUIPMENTS, Khambate Lane Opp Victoria Garden Post,. Bombay 400 027 
INDIA MEDICO INSTRUMENTS, 2-3, Gurwalon Ki Dharamshala, Angoori Bagh New Delhi-110 006 


M/s. INOR, INDIAN INSTRUMENT ORTHOPAEDIC, 209, AZ Industrial Estate, G Kadam Marg, Lower Park, 
Bombay 400 013 . 


JAY SURGICALS, 32/A Bhiwandiwala Bldg. L.N. Road Matunga, Bombay-400 019 

JOHARI ELECTRO-TECH COMPANY, 28, Nehru Park, Jodhpur-342 003 

KODY MEDICAL ELECTRONICS LTD, 2, 12th East Street, Kamaraj Nagar, Madras-600 041 
MEDICAL & INDUSTRIAL ELECTRONICS, 24,17th Cross, Malleswaram, Bangalore-560 055 


MEDICAL ELECTRONIC INDUSTRIES, 97 Napean Sea Road, III Chandralok ‘A’ Ground Floor, Bombay-430 
006 


MEDICANICS, 10 Seventh Cross Street,Indira Nagar, Adyar, Madras-600 020 
PLA ELECTRO APPLIANCES PVT. LTD, Thakor Estate, Kurla Kirol Road, Vidyavihar (W), Bombay-400 086 
X-RAY & ELECTROMEDICALS (INDIA), Malabar View, Chowpatty, Bombay-400 007 


Aids for the Handicapped 


ARPHI INCORPORATED, Prabhadevi Industrial Estate, Veer Sarvarkar Marg, Bombay-400 025 


ayes itiag LIMBS MANUFACTURING CORPORATION OF INDIA, (ALIMCO) Grand Trunk Road, Kanpur- 


a PVT. LTD, 1203, Prasad Chambers Opera House, Bombay-400 004 
ELECTRO-TECH CORPORATION, 53 Sector 9,Chandigarh-160 009 
HEARING AID CENTRE, Kailash Cinema Chowk, Civil Lines, Ludhiana 
INDIA MEDICO INSTRUMENTS, 2-3 Gurwalon Ki Dharamshala, Angoori Bagh, New Delhi-110 006 
MICRO MEGA ELECTRONICS, 10 A Madan Tolla Street, Calcutta-700 005 


PERFECT ELECTRONIC (INDIA), 171-E Kamla Nagar, Delhi - 110 007 
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PRADIP ELECTRONICS, Jay Krishna Road, Patna - 800 009 


ee Electronics & Electricals Ltd., Band Box Building, 254-D, Dr. Annie Besant Road, Bombay 


SONIK AIDS, 52, 7th Cross Road, S.P. Extn. Bangalore : 560 003 

VOLTAS INTERNATIONAL LIMITED, 28-32, G N Vaidya Marg, Bombay - 400 023 

Hospital Linen and Related Supplies 

ALLIED SURGICALS & DRESSINGS, Post Box No. 1158, Bhagirath Palace, Chandni Chowk, New Delhi 
ASSOCIATED RUBBER INDUSTRIES PVT. LTD, Union Bank Building, B S Marg, Bombay 400 023 
BHATIA SURGICAL WORKS, 78, Govt. Industrial Estate, Bombay - 400 067 


BOMBAY SURGICAL CO., Opp. H N Hospital, Sandhurst Road, Bombay 400 004 


BRISK SURGICAL COTTON, 138, Gandhi Chowk, Thane 1 


‘M/S CURADIA, RANBAXY DIVISION, 5-4-187/6, Karbala Maidan, M.G. Road, Secunderabad. 


DIAMOND SURGICAL DRESSING WORKS, 381, S Guruji Marg, Bombay - 400 011 
JOHNSON & JOHNSON LTD, Spencers Building, 30, Forjett Street, Bombay - 400 036 
KEHR SURGICAL & ALLIED PRODUCTS PVT. LTD. C-34 Panki Indl Estate, Kanpur - 208 022 


INDUSTRIAL PRODUCT PROMOTION & MARKETING SERVICES, 188, Commercial Complex - I, Jhande- 
walan Extension, New Delhi - 110 055 


LEUKOPLAST (INDIA) PVT. LTD, Eucharistic Congress Bldg III, 4th Floor 5, Convent St. Bombay - 400 039 
MADRAS SURGICAL EQUIPMENTS CO., 6, Ritchie St. Madras - 600 002. 

SAFEGAURD SURGICALS, Maninagar East, Ahmedabad - 380 008 

PANKAJAVALE PRODUCTS, 96-1/15, North street, Chatrapatti, Tamil Nadu - 626 102 
PHARMA SURGICALS, Z 16 School Lane, Babar Road, New Delhi - 110 001 

STANDARD SURGICAL & DRESSING WORKS, 28-B, Genu, Bombay 400 002 

SUDHIR SURGICAL CO., 46, Old Hanuman Lane, Bombay 400 002 

SUPREME SURGICAL CO., 3057 Hardhyan Singh, Karolbagh, New Delhi 110 005 

Cold Chain & Refrigeration Equipment 

BATLIBOI AND COMPANY LTD., Apeejay House, Dr. V.B. Gandhi Marg, Fort, Bombay-400 001 
BLUE STAR, Blue Star House, 13, Kodambakkam High Road, Madras- 600 034 

GODREJ & BOYCE MFG.CO.PVT.LTD, Godrej Bhavan, Hume Street, Bombay-400 001 
HYDERABAD ALLWYN LIMITED, Allwyn Bhavan, Erragadda, Hyderabad-500 018 
KELVINATOR (INDIA) LTD, Atma Ram House, 7th Floor, I Tolstoy Marg, New Delhi-110 001 


GEM INDIA LIMITED, P-2, Connaught Circus, New Delhi 110 001 
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V. KRISHNA & CO., Motibaug, V.N. Purav Marg, Chembur, Bombay-400 071 


VOLTAS LIMITED, Appliances Division, 19, J.N. Heredia Marg, Ballard Estate, Bombay-400 038 


Computers for Health Care-Hardware & Software Manufacturers 


APPLIED COMPUTER SCIENCES ORGANIZATION, 316, Chandralok Complex, Sarojini Devi Road, Secun- 


derabad - 500 003 

BLUE STAR LIMITED, 74, SDF III, SEEPZ, Andheri (E), Bombay - 400 096 

CALCOM ELECTRONICS, B-23, Wazirpur Industrial Area, Delhi -110 052 

COMPUTER MAINTENANCE CORPORATION (CMC) LTD., 1A, Ring Road, New Delhi- 110 014 


CHENAB INFORMATION TECHNOLOGIES PVT. LTD, J-1A, Ansa Industrial Estate, Saki Vihar Road, Saki 
Naka, Bontbay - 400 072 


CHIPS AND BITS, MSS Building, Cheroty Road, Calicut, Kerala. 


COMPUTER AND INFORMATION SYSTEMS PRIVATE LTD.., Kotahwala Market, Tripolia Bazar, 
Jaipur - 302 002 


CRYSTAL GRAPHICS AND SOFTWARE, 771, Bhandarkar Road, Pune - 411 004. 
DCM DATA PRODUCTS, Vikrant Tower, 4, Rajendra Place, New Delhi - 110 008 
DREAM COMPUTERS, M-13, Greater Kailash II, New Delhi - 110 048 


EIKO COMPUTERS PRIVATE LIMITED, 10/5 Lakshminarayan Complex, 5th Floor, Palace Road, Vasan- 
thnagar Bangalore - 560 052 . 


ELECTRONIC CORPORATION OF INDIA LIMITED, ECIL Post Office, Hyderabad - 500 762 


ELECTRONIC SYSTEMS PUNJAB LIMITED, B-81, Phase VII, Industrial Area, SAS Nagar, 
Chandigarh - 160 055 


ESSEN COMPUTERS, A-7 GIDC, Electronics Complex, Sector 15, Gandhinagar - 382 015 


ECONOTECH SERVICES PRIVATE LIMTIED, SS Management Services Private Limited B-310 & 311, 
Somdatt Chambers, 5, Bhikaji Cama Place, New Delhi - 110 066 


HINDITRON, 504, Raheja Chambers, Nariman Point, Bombay - 400 021 
HCL LIMITED, Sector III, A-10, Noida - 201 301 U.P 
INDCHEM ELECTRONICS, K R Building, 124-A Lattice Bridge Road, Adyar, Madras - 600 020 


INFOTON SYSTEMS AND SERVICES (P) LIMITED, 160, Shivshakti Industrial Estate, Off Andheri Kurla 
Road, Andheri (E), Bombay - 400 059 


INFOSYS CONSULTANCY PRIVATE LIMITED, Borland Division, Infosys House, 7th Main, 5th Block, Jay- 
anagar, Bangalore - 560 041 


snag MICRO SYSTEMS PRIVATE LIMTIED, 9, KHBCS Layout, West of Chord Road, Bangalore - 


7 2 ae COMPUTERS INDIAN MANUFACTURE, Narottam Morarji Marg, P.O.Box 516, Bombay - 


INTERNATIONAL DATA MANAGEMENT, Safed Pec!, Kurla, Bombay - 400 072 
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_ Before you decide 
which water cooler to buy 
consider this: 


Udi 


for reliability ~ 


VOLTAS 
| for after - caleg service 


VOLTAS ~ | 


Voltas, of course 
When it comes to water coolers, it makes 
sense to buy Tushar Water Coolers from 
Voltas — the acknowledged leaders in 
air conditioning systems. You'll find they 
win hands down — on every score! 


VOLTAS TUSHAR 


WATER COOLERS 
| Cooling know-how you just can’t challenge. 


1S: 1475 


; VOLTAS LIMITED 
Appliances Business Group | 
19. J.N. Heredia Marg 


omoa 4 ¢ 8 i 
Bombay 400 0S Also available on DGS & D rate contract. 
ond i er 
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A world leader crosses the world to cool you 


It takes time to decide on a sound institutional-cooling system. 
It also means you'll have to meet the right people. 


Meet our collaborator. 


With our kind of approach to 
airconditioning, we require a sound 
collaboration. International competence 
coupled with constant technology 
innovation. The choice was natural. Trane 
U.S.A. World leaders and innovators of the 
highly acclaimed breakthrough in 
centrifugal machines the hermetic 
centravacs. Our Trane link-up provides India 
with a technology, that has the unique 
advantage of being ideally adapted for 
Indian tropical conditions. 


M eet us. 


We're in the business of cooling large and 
multiple-floor areas. From electronics and 
precision industries. To hospitals, diagnostic 
centres, nursing homes, computer rooms 
and hotels. Today, we're a 1100 - strong team 
devoted to offering you total packages in 
airconditioning. Right from understanding 
your cooling needs, through manufacturing 
all critical Components ourselves. TO 
executing the project, turnkey. It’s our 
strength. After all, only we can offer you 
India’s widest cooling range. 5 to 800 
tonnes. In package units, reciprocating 
chillers and centrifugal machines. 


utility engineers (india) itd. 


16, Shopping Centre, Panchsheel Park, 
NEW DELHI - 110017 @ 6437484, 646716 


Meet our Indian clients. 


Batra Hospital, A.l.1.M.S and Moolchand 
Hospital, New Delhi; Apollo Hospital, 
Madras; A.M.C., Trichy; KMIO and Apollo 
Hospital, Bangalore; $.G.P.G.1, Lucknow; 
Apollo Diagnostic Centre, Jaya Diagnostic 
Centre, CDR Health Care Ltd; Deccan 
Hospitals, Hyderabad ... the list grows every 
week. Demanding clients requiring 
demanding solutions to specific heavy duty 
cooling problems. And all of them turned to 
us. Quite naturally; considering our Trane 
connection and our highly dynamic and 
motivated team of service engineers. Prompt 
Service Support on the strength of just one 
telephone call. 


BRANCHES: AHMEDABAD @ 405749/405759 BANGALORE @ : 361045/360580 BOMBAY @ 6120032/6144993 CALCUTTA 
@ 447932/435867 CHANDIGARH ® 43442 JAIPUR @ 75421 LUCKNOW ® 73503 MADRAS @ 862593 SECUNDERABAD ® 843] 97 


Airconditioning men, machines and material. 
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OUR AIR-CONDITIONING IS S 
OUR SERVICE IS STENT 
NEED OUR ADVERTISING MAKE A NOISE? 


Silence is the language of efficiency. Observe any of our central AJTR-CONDITIONING & 
air-conditioning plants, packaged air-conditioning units or REFRIGERATION DIVISION 


humidification systems. 3 


Silence is also the hallmark of dedication. Meet any of our 150 i, 


committed engineers. 
And finally, silence is also the sign of satisfaction. Even a single BATLIBOI 


dissatisfied customer can make more noise than the collective eS — 


smiles of our 500 satisfied customers in India and abroad. 


No wonder, we’d like it more if instead of the trumpet, Fora century, 
you heard the pin. the engineers’ engineers. 


For further details, contact: Batliboi & Company Limited, Apeejay House, Dr. V.B. Gandhi Marg, Fort, Bombay-400 001. Telex: 011-2284) 
4852. Fax No: (91-22) 2871558. Offices: (J) Ahmedabad () Baroda LJ Bangalore () Calcutta (J Coimbatore CL) Delhi LJ Ernakulam 
[Indore (J Jaipur CJ Jamshedpur (0) Lucknow C Ludhiana (1) Madras LJ New Delhi () Patna LJ Pune C1) Secunderabad () Vijayawada. 


Manufacturing Division: Udhna (Surat). 


24. KALE CONSUTANTS PRIVATE LIMITED, Health Care Division, 3, Candy House, Mandlik Road, Colaba, 


Bombay - 400 039 
95. KASBAH SYSTEMS SOFTWARE, No.7, Second Street, Dr. Radhakrishnan Salai, Madras - 600 004 
26. MINICOMP, A-1 Udyog Sadan, 3 MIDC, Opp. Seepz, Andheri (E), Bombay - 400 093 
27. MASTEK, 411 Unique, Veer Sarvarkar Marg, Prabhadevi, Bombay - 400 025 
28. MADURA COATS LIMITED, 10/4, Kasturba Road, Bangalore - 560 001 
299. MOSER-BAER (INDIA) LIMITED, 63, Ring Road, Lajpat Nagar II], New Delhi - 110 024 
30. OMC COMPUTERS LIMITED, 4th Floor, Surya Towers, 104, Sardar Patel Road, Secunderabad - 500 003 
3]. PERTECH COMPUTERS LIMITED, E-46/10 Okhla Indl. Area, Phase II, New Delhi - 110 020 
39. PSI DATA SYSTEMS PRIVATE LIMITED, 2, Victoria Road, Bangalore - 560 047 
33. PREMIER MICROSYSTEMS PRIVATE LIMITED, 2/5, Sarat Bose Road, Calcutta - 700 020 


34. SONATA, 1/4, Ist Floor, APS Trust Building, Bull Temple Road, N R Colony, Basavanagudi, Bangalore - 
560 019 


35. SOFTWARE RESEARCH GROUP, 35/3/A, Langford Road, Bangalore - 560 025 

36. STERLING COMPUTERS, 19, Cathedral, Garden Road, Madras - 600 034 

37. TATA CONSULTANCY SERVICES, Air India Building, Nariman Point, Bombay - 400 021 

38. THERMAX PRIVATE LIMTED, 28/2, Koregaon Park, Pune - 411 001 

39. TUL COMPUTERS LIMITED, Manish Commercial Estate, 216-A Dr. A.B. Road, Worli, Bombay - 400 025 


40. UPTRON INDIA LIMITED, Digital Systems Division, Near Gomli Barrage, Gomtinagar, P.B.No. 444, 
Lucknow - 226 001. Uttar Pradesh 


41. VELLORE COMPUTER CENTRE, 4/B, Balaji Street, Krishnanagar, Vellore - 632 004 
42. WIPRO INFORMATION TECHNOLOGY LIMITED, 88, M.G. Road, Bangalore - 560 001 


43. ZENITH COMPUTERS, Zenith House, Cardinal Gracias Road, Chakala Junction, Andheri (E), 
Bombay - 400 093 


XVIII Sterilization Equipment 
1, ADAIR DUTT & CO. PRIVATE LIMITED, 26-A, Sir Phiroze Shah Mehta Road, Fort, Bombay-400 001 
2. ALLIED SURGICALS & DRESSINGS, Post Box, No. 1158, Bhagirath Palace, Chandni Chowk, New Delhi 
3. ASIAN SURGICALS CO., Nampally Station Road, Post Bag No. 3, Hyderabad -500 001 
4. ATLAS SURGICAL COMPANY, 332, Lajpat Rai Market, New Delhi- 110 006 
5. M/S EQUIPMENT DE CHANDIGARH, 181/17, Industrial Area, Chandigarh 160 002 
6. HOSLAB, 27 New Empire Industrial estate, J.B. Nagar, Bombay - 400 059. 


his M/S HOSPINS SURGICAL SYSTEMS, 31 /B, Natesan Street. | ; 
5 
Madras - 600 017. e loor, Next to Siva Vishnu Temple, T. Naga 


8. KALEKAR SURGICAL INDUSTRIES, 305, Shyamaladas Gandhi Marg, Bombay-400 002 
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HOMAPACS’ 
A MANAGEMENT TOOL FOR 
DOCTORS AND HOSPITALS 


Easy access to patient information and hospital facilities 


HOMAPACS... THE NEED 


Health Care & Hospital Management has always been 
"the main focus in the world for providing maxirnum 
services in minimum time to the ever increasing 
patients by the medical professionals. The latest 
microprocessor based medical equipments and 
computers have played a significant role in health care & 
hospital managernent. 

Realising the vast need and benefits of a easy to use 
specialised on line software for hospitals and nursing 
hornes, JAY PEE TECH PRIVATE LIMITED has developed 
a special software HOMAPACS with the help of 
practising group of doctors, hospital administrators and 
a specialised tear of software professionals in India and 
abroad. 

Time being the essence of medicare, the precious time 
of medical experts and hospital ranagernent can now 
be optimally utilised for providing faster services to 
more number of patients within the available 
infrastructure itself. This can be achieved by using 
computers with HOMAPACS, under networking 
environment. 


HOMAPACS. .. THE MODULES 


The present version af HOMAPACS comprises of the 
following major modules: 


® Appointments scheduling (consultants, operation 
theatre and lab) 


@ Services and charges (wards, consultants, drugs, lab 
tests, diet etc.) 


® Bed reservation, admission and patient care 
@ Lab/Pathology services 

@ Pharmacy with drugs/non-drugs billing facility 
@ Discharge and billing (Final or split) 

® Query (Receptionist, Doctors and others) 

@ Reports (Daily, weekly and monthly) 


HOMAPACS.... THE RANGE 


The current package works on MS DOS 3.30 version on 
PC/AT, PC/XT systems in single and multi-user (LAN). 
The package is being ported to UNIX for multi-user 
terminal environment support. The package comes in 
three versions applicable to hospitals, nursing homes, 
and large and small clinics. 


All the three packages are modularly designed, Design 
philosophy supports open-endedness for future 
development, enhancement and ease of integration. 
The entire systern adopts pull-down menus, 
user-friendly screens and context sensitive help 
support. The medical professionals at various levels can 
use this product without the need for intensive 
training, The product comes with the support for 
customisation, and further feature additions required if 
any. 


HOMAPACS... THE HARDWARE ENVIRONMENT 
The minimum configuration required: 

@ |BM PC-AT compatible cornputer: 

@ | MB Memory 

@ |.2 MB Floppy Drive 

@ 40 MB Winchester Drive 

® Monochrome/Colour Monitor 

@ 40 MB Tape Back-up Unit 


For further details write to: 

JAY PEE TECH PVT. LTD 

B-310/311 SOM DATT CHAMBERS-| 
5, BHIKAJI CAMA PLACE 

NEW DELHI- 110066 INDIA 

TEL: 91-1!-602913 

TLX: §1-031-72146 EXIM IN 


Kale Consultants in Healthcare 


Why did these hospitals choose 
Kale Consultants’ Hospital Management System ? 


®ecause these hospitals expect the 
same finest care for themselves as 
they extend to their patients So, when 
they decided to computerise, they 
Called in the country's top hospital 
computerisation specialists: 

Kale Consultants, 


The only company with 30 man-years 
of experience in hospital management 
systems, Kale Consultants has over 25 
computer professionals dedicated to 
healthcare. And its Hospital 
Management System is the country's 
only software package that's proven in 
multiple locations. 


We provide you not only the software 
but also project management, training, 
implementation and support services. 
We share the responsibility of making 
computerisation successful and 
effective —in a time frame only experts 
can achieve. 


The Hospital Management System 
(HMS) deliverst 

© Better operational efficiency 

®@ improved patient services © Effective 
cost control © Zero revenue losses. 


The Hospital Management System is 
an integrated on-line system that 
covers the following modules: 


Patient administration 
Patient billing 
Pathlab/Radiology 
Pharmacy 

Outpatient department 
Medical records 

Financial accounting 
Purchase & inventory control 
Management information 


Additional modules can be custom 
designed to specific requirements 
Suitable for hospitals trom 50— 1,000 
beds, HMS can be operated on 
configurations from 6—50 terminals, 
and is available on leading min: 
computers running UNIX Ver, V, 3, 


If you are planning hospital computerisation, call in the specialists. 
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KALE 


KALE CONSULTANTS PVT. LTD. 


y 
Tet. 204 4383, 23 05 01 


PUT ALL YOUR EGGS IN ONE BASKET 


Actually, it makes a lot of sense. Because Computer Point gives you the best deal. In 
price, quality, range and service. As well as professional, unbiased advice on which 
computer system to buy. 

Apart from the quality of our products, we guarantee satisfaction. We're with you from 
the time you consider a computer system. When you need after-sales service. And when 
you need to expand your system in course of time. 

Everything you'll need for a computer system—now and in the future will be available 
with Computer Point. Including software, accessories, consumables, special products and 
computer furniture — even books and magazines. In a wide, wide range. 


We're very reasonable on prices. But you'll have to first come to Computer Point and 
check it out. Like the egg, our services come in a perfect package. 


After all, while everyone looks at your needs from their angle, we see your point of view! 


[ _a/ 


COMPUTER 
POINT 


We see you point of view! 


Bangalore 560 042 43, Dickenson Road Tel: 578718/578452 e Bombay 400 025 227, Dr Annie Besant Road, Worli Tel: 4934111 
4935904/4934947/4936232 e Calcutta 700017 5, Camac Street, Tel: 434670 e Cochin 682 035 Nedumchalil Chambers, 
Mullachery Canal Road, Ernakulam Tel: 367307 e Hyderabad 500 482 10, Regency House, Greenlands Road, 680, Somajiguda, 
Tel: 229123/229374 e Kottayam 686 004 4th Floor, K K Road, Tel: 3614 e Madras 600 017 92, GN Chetty Road, T Nagar 

Tel: 441192/441029 e New Delhi 110 049 F-41, South Extension Part | Tel: 624370/698548/616142 e Pune 411 004 Suma House, 
870/1. Bhandarkar Institute Road Tel: 51714 e Trivandrum 695 004 Chandy'’s, Pattom Tel: 78733 


MODERN PHARMA &SURGICAL CO. Bara Birwa, Alambagh, Lucknow- 226 005 


MSCO PRIVATE LIMITED, 801, Dr. E Moses Road, Worli Nakta, Bombay -400 018 
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MEDICA INSTRUMENT MANUFACTURING CO., 


116,Vasan Udyog Bhavan, 
Senapati Bapat Marg, 
Bombay-400 013 Ph: 4924037 


Sole Distributors in India for 'Elite’ Table Top High Speed Sterilizers (Manufac- 
tured by Fuji Medical Equipment Co. Ltd., Japan) Featuring Full Sequential 
Control with Drying Facility. 

Manufacturers of 'DSCO' 

Vertical Autoclaves from Portable Models to 22" @/X 30" and Pressure Ranges 
upto 50 p.s.i. Features like Sterilizing Timer and Pressure Stats available at 


option. 
Instrument Sterilizers - Featuring fully Stainless Steel construction with tray 
lifting device and good quality Kettle Heater with automatic low water level cut off 


NAT STEEL EQUIPMENT PVT. LTD, G.D. Ambedkar Marg, Dadar, Bombay -400 014 


M/S ORIENTAL SURGICALS, 18-1-66/A, K G Hospital Road, Visakhapatnam - 530 002 

M/S SURGIMENT PVT. LTD., Corporate Office, 55-Museum Road, Bangalore - 560 025 

M/S SURGICAL INDUSTRIAL CORPORATION PVT. LTD 3482 Netaji Subash Marg, New Delhi - 110 002 
THE SURGICAL TRADING CO., 791, Lajpat Rai Market, Opp Red Fort, Delhi - 110 006 

M/S VISHAL SURGICAL CO, 3 Jagadish Market, Abid Road - Hyderabad - 500 001. 
Pharmaceuticals 

ALIDAC GENETICS & PHARMACEUTICALS, Maninagar, Ahmedabad - 380 008 

ASTRA - IDL LIMITED, 32/1-2, Crescent Road, Bangalore 

ALEMBIC CHEMICAL WORKS COMPANY LIMITED, Baroda - 390 003 

ARISTO PHARMACEUTICALS PVT. LTD, Mercantile Chambers, Ballard Estate, Bombay - 400 038 


THE BENGAL IMMUNITY CO. LTD, (Management Under Govt. of India) 153, Lenin Saranee, Calcutta - 
700 013 


BIOCON INDIA PVT. LTD, 20th KM, Hosur Road, Hebbagodi, Bangalore - 562 158 
BIDDLE SAWYER LIMITED, 25, Dalal Street, Bombay - 400 001 

BURROUGHS WELLCOME & CO (INDIA) PVT. LTD, 16, Bank Street, Bombay - 400 023 
BOEHRINGER-KOHL LTD, United India Building, P.Mehta Road, Bombay - 400 001 
BAYER (INDIA) LIMITED, Pharmaceutical Division, P.O. Box. 1436,-Bombay - 400 00 L 


Cadila Chemicals Pvt. Ltd, 244, Ghodasar, P.O. Box No. 9004, Maninagar, Ahmedabad - 380 008 
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; Sii Dual Antigen 
Si TIG (Human) Sii Tetanus Toxoid 


Sii Gammaglobulin Tet/Vac/PTAP 


Si 1.V. GG 
Sii R.1.G. 
Other Plasma 
Fractions (Human) 
Sii Histaglobulin (Equine) 
i Sii Polyvalent Anti- 


= 


Measles Vaccine 
Measles, Mumps, Rubella Vaccine 
M.M.R.) 


Meningococcal Vaccine A + C 
a ne 


SMPLAATATAAMAAAAAAAMMMAAELLTEDTTAHELLTLILEESIEEAATISSEAAEEDEEESTTSE 
Serum Institute of India Ltd. 
Registered Oftice:212/2 Hadapsar, Pune 411 028. 


int, Bombay 400 021. 
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CARTER - WALLACE LIMITED, Regent Chambers, 4th Floor, Nariman Point, Bombay - 400 021 


CIPLA LIMITED, 317, 7th Main, HAL III Stage, Bangalore - 560 075 


CONCEPT PHARMACEUTICALS LIMITED, 167, C.S.T Road, Kalina, Santacruz (East), Bombay - 400 09 


DOLPHIN LABORATORIES PRIVATE LIMITED, 41/28, Sarat Bose Road, Calcutta - 700 020 
EAST INDIA PHARMACEUTICAL WORKS LIMITED, 6, Little Russell Street, Calcutta - 700 071 
EROS PHARMA, 64, Industrial Area, Rajajinagar, Bangalore - 560 010 

FIZER LIMITED, 44/3 & 44/4, Dickenson Road, Bangalore - 560 042 

FRANCO-INDIAN PHARMACEUTICALS PRIVATE LTD, 20, Dr. E. Moses Road, Bombay - 400 001 
GENO PHARMACEUTICALS LIMITED, fateica. Mapusa, Goa - 403 507. 

GLAXO LABORATOREIS (INDIA) LTD, Dr. Annie Besant Road, Bombay - 400 025. 
GLUCONATE LIMITED, 2, Durga Charan Doctor Lane, Calcutta - 700 014 

HIND PHARMA, 5, Ist Cross, K.G. Road, Bangalore - 560 009 

HINDUSTAN ANTIBIOTICS LIMITED, (A Govt of India Enterprises), Pimpri, Pune - 411 018 
ICI INDIA LIMITED, Khaleeli Centre, 149, Montieth Road, Madras -.600 008 

IPCA LABORATORIES PRIVATE LIMITED, 48, Kandivli Industrial Estate, Bombay - 400 067 


INDIAN REMEDIES PRIVATE LIMITED, A-191, Peenya Industrial Estate, Tumkur Road, Bangalore - 
560 058 


INDIAN SCHERING LIMITED, SIO-Trombay Raod, Chembur, Bombay - 400 071 
INTAS LABORATORIES PRIVATE LIMTED, 7/3, GIDC Estate, Vativa, Ahmedabad - 382 445 
JAGSONPAL PHARMACEUTICALS LIMITED, P.O. Box. 3326, New Delhi - 110 014 


JOHN WYETH & BROTHER LIMITED, Steelcrete House, Dinshaw Wacha Road, Bombay - 20 


KARNATAKA ANTIBIOTICS AND PHARMACEUTICALS LTD., 'Nirman Bhavan’ 80 Feet Road, Rajajinagar, 


Bangalore - 560 010 

KEMP & COMPANY LIMITED, 88C, Old Prabhadevi Raod, Bombay - 400 025 

LEDERLE DIVISION CYANAMID INDIA LIMITED, P.O.B. 9109, Bombay - 400 025 

LUPIN LABORATORIES LIMITED, 159, CST Road, Kalina, Santa Cruz East, Bombay - 400 098 
MIT LABORATORIES, Division of IDL Chemicals Limited, Malleswaram, Bangalore - 560 003 


MAHAVEER DRUG HOUSE, 114, Baneswara Temple Street 5th Cross, A.S. Char Street, Post Box. No. 
7644, Bangalore - 560 053 


MEDOPHARM, 38-C, Annasalai, Madras - 600 006 
MILES INDIA LIMITED, Sayajipura, Baroda 


MENDINE PHARMACEUTICAL WORKS, 34 A, Alipore Road, Calcutta - 700 027 


MEDICAL SERVICES DEPARTMENT, Organon (India) Limited, Himalaya House, 38, Chowringhee Road, 


Calcutta - 700 071 
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When nosocomial 
infections nag 


© 


NEGAFLOX-400 


-for nagging infections 


Virtually covers all uropathogens from E.Coli to 
Pseudomonas 


The first oral antipseudomonal drug 

Inhibits and eliminates R-plasmid mediated resistance 
No cross resistance with other antibiotics 

Does not disturb the anaerobic flora 


Drug of Choice in UTI,GIT infections & 
Gonorrhoea 


For further information, please write to — 
Medical Department, 
Cadila Chemicals Pvt. Ltd.,244, Ghodasar, Ahmedabad-380 050. 


Quality Assurance 


Quality medicines should be rea- 
dily available to anyone who needs 
them. That's why right from the 
very beginning, we have spared no 
pains in making better drugs 
availabe to more people at reasonable 
prices. 

Our produce, bulk and formu- 
lations are exposed to rigorous 
Quality Control tests at every stage of 
their production to build in them the 
high level of excellence. The Quality 
Control tests start as soon as raw 
materials arrive at our factory and 
continue till such time the products 
are released for sale. Our internal 
Quality Control Standards in most 
cases are more stringent than those 
prescribed in Indian Pharmacopoeia. 
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Many Firsts 


We are the first company in the 
country to manufacture Penicillin, 
Streptomycin, Ampicillin and 
Gentamicin. Besides manufacturing 
the life saving antibiotics from the 
basic stage, we also convert them 
into dosage formulations for use by 
millions in India and abroad. Our 
range of formulations today further 
extends to cover plant protection and 
drugs for use in veterinary field. 
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HINDUSTAN ANTIBIOTICS LTD. 
(A Govt. of India Enterprise) 

PIMPRI, PUNE: 411 018. 

Phone: 8651 1-13, 86521-24. 

Telex: 0146-279. Gram: ‘ANTIBIOTIC’ 


.OF ANTIBIOTICS IN INDIA. 
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With 
Compliments 
From 


KARNATAKA 
ANTIBIOTICS AND 
PHARMACEUTICALS LIMITED 


(A GOVERNMENT OF INDIA ENTERPRISE) 


‘Nirman Bhavan’, 80Ft Road, 1st Block, Rajajinagar, 
Bangalore-560 010, India. 


WITH MEDICINES REACHING 
FAR DEEP AND WIDE. 
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PFIZER LIMITED, Express Tower, Nariman Point, Bombay - 400 021 

PASTEUR LABORATORIES PRIVATE LTD, 2, Bidhan Sarani, Calcutta - 700 006 

PUREX LABORATORIES (INDIA) PVT. LTD, Virgonagar, Avalahalli, Bangalore - 560 049 

RANBAXY LABORATORIES LIMITED, Devika Tower, 11th Floor, Nehru Palace, New Delhi - 110 019 
ROCHE PRODUCTS LIMITED, Scientific Service, P.O.B. No. 7901, 28 Tardeo Road, Bombay - 400 034 
RAPTAKOS BRETT & CO. LTD, Dr. Annie Besant Road, Worli, Bombay - 400 025 

SANDOZ (INDIA) LTD, 3A Shakespeare Sarani, Calcutta - 700 016 

SARABHAI CHEMICALS, Baroda - 390 007 

SEARLE (INDIA) LIMITED, "Ralli House", 21, Damodardas Sukhadvala Marg, Bombay - 400 001 
SERUM INSTITUTE OF INDIA, 283, Mahatma Gandhi Road, Poona-1. 

STAMAC PRODUCTS, (Pharmaceutical Division) 108A/108B, Hazrard, Calcutta - 700 026 

THEMIS CHEMICALS LIMITED, Poonam Chambers, Dr A.B. Raod, Worli, Bombay - 400 018 


THE BANGALORE PHARMACEUTICAL & RESEARCH LABORATORY PRIVATE LTD, 54/2, IX Block, Jay- 
anagar, Bangalore 560 069 


THE BOOTS COMPANY (INDIA) LTD, 17. R. Kamani Marg, Bombay - 400 038 

THE PHARMACEUTICAL COMPANY OF INDIA, 301, ArunChambers, J. Dadajee Road, Bombay - 400 034 
TAMILNADU DADHA PHARMACEUTICALS LIMITED, 10, Jeypore Nagar, Madras - 600 086 
THE HIMALAYA DRUG. CO., LTD, Shivasagar 'E' Dr. A.B. Road. Bombay - 400 018 

TORRENT LABORATORIES, 'Sankrut’ High Court Rd., Anmedabad - 380 009 

WARNER HINDUSTAN LTD, Nirlon House, 254-B, Dr. A.B. Road, Worli, Bombay - 400 025 
WOCKHARDT LIMITED, Dr Annie Besant Road, Bombay 400 018 

ZANDU PHARMACEUTICAL WORKS LTD., Gokhale Road, Dadar, Bombay - 400 025 
Disinfectants 

METROPOL INDIA PRIVATE LIMTIED, 262-Phase Okhla Industrial Estate, New Delhi - 110 020 
LUPIN LAB LIMITED, 3-6-291, Hyderguda, Hyderabad - 500 029 

RECKITT & COLMAN OF INDIA, 41, Chowringhee Road, Calcutta - 700 071 

ASTRA IDL LIMITED, Malleswaram, Bangalore - 560 003 

L.E.L. LIMITED, P.B.NO. 756, Khaleeli Centre 149- Montieth Road, Madras - 600 008 


SMITH STANISTREET PHARMACEUTICALS 30-1-4-Kurmaiah Street, Arundal Pet, Vijayawada, Andhra 
Pradesh 


INDIAN OXYGEN LIMITED, Bhaskar Bhavan - Bhimili Road, Vishakhapatnam - 530 013 


- SHAH & CO., 24-Shardar Griha Building 198-Lokmanya Tilak Marg, Crawford- Market, Bombay - 
0 002. 


201 


ATTENTION HOSPITALS 


How to get 8 quality brands of tea, 5 of coffee and 
over 10 varieties of spices - DIRECT from Brooke Bond 


ANNOUNCING THE BROOKE BOND 
INSTITUTIONAL BUSINESS SERVICE 


hat does Brooke Bond’s 
Institutional Business Service 
mean to you? 


Direct supplies from Brooke Bond 


It means, that you can now get your complete 
requirements of tea, coffee blends and spices 
DIRECT from Brooke Bond. Indeed a 
convenience for the institutional buyer. 


Competitive prices 


Since your supplies will be made directly from 
the company depots, you are assured of the 
most competitive prices. 


Wide product range 


Brooke Bond offers you the widest choice of 
tea, coffee blends‘(both instant and filter), as 
well as spices. Take tea for example. The 
range peaks with ‘Gold Label; a 100% 
Darjeeling leaf blend with the Tea Board Seal 
of Approval.,to ‘Taj Mahal Tea Bags’, and a 
host of leaf and dust teas. A choice of blends 
in a variety of prices, each with a distinctive 
flavour that can fulfil every requirement of 
your institution. 


Assured quality 


All the products are backed by the Brooke 
Bond name. A name that spells 
value-for-money, and that is trusted by 
households in India and abroad. 


Brooke Bond India Limited 


Brooke Bond Products, Packed with care, Packed for consistent quality, 


Nationwide distribution 


Dealing with a single source like Brooke 
Bonds’s Institutional Business Service means 
more convenient ordering. Moreover, 
Brooke Bond has one of the most extensive 
distribution networks in the country, with 
over 1200 depots. This means wherever you 
are located, your order can be delivered at 
your door-step. 


Special requirements 


If your order is substantial, we could even 
arrange to print on the pack your company 
logo and legend. 


Check us out : place your test order 


Call Brooke Bond and place your trial order 
TODAY. We are confident you will find our 
services Offer the convenience and quality 
you’ve been looking for. At prices that make 
it worth your while. 


For further information, write or call: 


Institutional Business Service, 
Brooke Bond India Limited, P.B. No., 4280, 
Bangalore - 560 042. 
Tel: 84-520 (10 lines), 

08112-520 (STD Whitefield - 10 lines) 
Telex: 0845-8506/8518 KORA IN 
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Place your ‘Test Order’ today 

Yes, I’m interested inO Teas O Coffees 

O Spices OCall me at (tel.No.) ...........0000 at 


the earliest OAsk your representative to call on 
me. OSend me more information. 


Name 


Designation 


Organisation 


Address & Tel. No. 
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Institutional Business Service 


This service is intended for institutions only and not for those interested in dealership or exports. 
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ANDHRA SURGICAL EMPORIUM, 5-8-107/B, Nampally Station Road, Hyderabad - 500 O01 


SCIENTISTS OWER CONCERN, 6-Mangor Lane, Ist Floor, Calcutta - 700 001 


RANBAXY CHEMICALS, Ranbaxy Laboratories, P.B.NO. 2056, 5-4-187/6 SM Complex. Carbala Maidan, 


M.G. Road, Secunderabad - 500 003 


BALDA CHEMICALS & HARD WARE, 28-9-88-Surya Bagh, Visakhapatnam - 530 020 


CHEMIGLASS SCIENTIFIC COMPANY, 30-6-42 Dabagardus, Visakhapatnam - 530 020 


DESAI CHEMICALS, 43-9-121 Ist Floor, TSN Colony - Near Srikanya Theatre, 
Visakhapatnam - 530 016 


Laboratory Chemicals & Kits 
ASIAN SURGICAL CO., Station Road, Nampally, Hyderabad - 500 001 


BHARAT SERUM VACCINES PRIVATE LTD., Plot No. 4-371-372, Road 27, Wagle - Industrial Estate, Tha 
- 400 604 Maharashtra. 


D SHAH & CO., 24-Shardar Griha Building, 198. Lokmanya Tilak Marg, Crawford Market, Bombay - 
400 002 


DECRUZ CORPORATION, 159-Vidhyanagari Marg, Bombay - 400 098 


DYNAMICRO BACTERIOLOGY EQUIPMENT ,121-Amargyan Services & Office Complex, Near ST Worksh«c 
No.2 Kompet Road, Thane - 400 601 


ESCORT SURGICAL ENTERPRISES PRIVATE LTD, 5-8-107, Station Nampally Road, Hyderabad - 500 00 


J MITRA BROS PRIVATE LTD, P.B. NO. 4330, 1411, Chirnajeev Tower, 43-Nehruplace, 
New Delhi - 110 019 


SCIENTISTS OWER CONCERN Ist Floor - 6, Mangor Lane, Calcutta - 700 001 
JEYAM SURGICALS, 43-Venkatesan street, T.nagar, Madras - 600 017 


KOMAL XRAY & ALLIED PRODUCTS, 28-2-57-Behind Yax Tailors, Near Bommana Bros, Jagadamba 
Junction, Visakhapatnam-20 


MARTIN HARRIS PVT. LTD, 27-4-16, Tadankivari Street, Gaurnerpet, Vijayawada-520 002 Andhra 
Pradesh. 


ROYAL PHARMOD, 11-33.32, Thatakulavari Street, Vijayawada - 520 002 Andhra Pradesh. 
VIJAY PHARMA MEDICAL EQUIPMENT, 3-6-168/61 A, Hyderguda, Hyderabad - 500 029 
MILES INDIA LIMITED, P.B.NO. 507, Baroda - 390 001 


SPAN DIAGNOSTIC PVT. LTD, G-1/13 Sri Rani Sati Nagar, Opp-State Bank of India, S V Road-Malad 
West, Bombay - 400 064 


NATIONAL SCIENTIFIC PRODUCTS, 4th Line, Sambasivapet, Guntur 522 001, Andhra Pradesh. 
Disposable Rubber Goods 


ATUL DRUG HOUSE, 85-Dr Annie Besant Road, Worli - P.B.NO. 6573, Bombay - 400 018 


ABBOT LABORATORIES INDIA LIMITED, Jahangir Building, 133-Mahatma Gandhi Road, P.B. NO. 133: 
Bombay - 400 023 
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For the exclusive attention of the 
MEDICAL PROFESSION only. 


Now KSFC offers finance 
upto Rs.60 lakhs for 


LECTRO MEDICAL EQUIPMENTS 


at a low rate of interest with 
repayment period from 
6 to 8 years. 


S happy to announce that it has introduced a scheme to finance for the purchase of Electro 

Equipments required by individual private practitioner or hospital. The equipment will cover 

‘hines, endoscopes, thermograph, ultrasonics, electro-cardiograph, electro-encephalograph etc. 
The assistance will be inclusive of the cost of building to house the equipment/s. 


A recent beneficiary unit of KSFC. 
-For further details contact: 


Karnataka State Financial Corporation 
25, M.G. Road Bangalore-560 O01 Phone: 563017 


LUPIN LABS LIMITED, 3-6-291, Hyderguda, Hyderabad - 500 029 


RAMSON SCIENTIFIC & SURGICAL INDUSTRIAL PVT. LTD, 153-, Industrial Estate, Agra - 6 Uttar 


Pradesh. 


XX Maintenance Equipment 
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BIRLA YAMAHA LTD, A-7, Ring Road, South Extension Part I, New Delhi 


BATLIBOI AND COMPANY LTD, Apeejay House, Dr.V.B. Gandhi Marg, Fort, Bombay-400 001 


CHLORO CONTROL EQUIPMENT LIMITED, 13/M-E, Laxmi Industrial Estate, Off Veera Desai Road, And- 


heri (W), Bombay-400 058 


COMFORTAIRE IMEX (P) LTD, 187, Mahatma Gandhi Road, Secunderabad-500 003 


CROP PROTECTIONS, P.O. Box. 2702, “Niranjan", 6th Floor, 99, Netaji Subash Road, Bombay -400 002 
DIGITRONICS, J 62 B, Industrial Estate, Gowra, Baroda-390 016 
EAGLE SURGICAL DRESSING MFG CO., 202, Lajpat Rai Market, Chandni Chowk, Delhi -110 006 


ELECTRONIC ENGINEERING CORPORATION, Medical System Division, T-4, Dr Vikram Sarabhai Instron- 
ics Estate, Madras-600 041 


ELECTRONICS LIMITED, Atmaram House, 1, Tolstoy Marg, New Delhi-110 001 
EUREKA FORBES LIMITED, Farah Commercial Complex, 68, J.C.Road, Bangalore - 560 002 


GALTRON ELECTROMEDICAL INDUSTRIES, 118, Nahar & Seth Industrial Estate, Andheri (East), Bombay 
400 093 


HANSEL ELECTRONICS INDUSTRIES, 58, Russel Street, Calcutta-700 071 


JAINSONS ENGINEERING & ELECTRONICS, P.O.Box,5245, 175 Samuel Street, 2nd Floor, Bombay- 
400 009 


LOGIC CONTROLS PRIVATE LIMITED, Hemkunt Tower, 16th Floor, 98 Nehru Place, New Delhi-110 019 
MASER ELECTRONICS PRIVATE LIMITED, 76, Vishal Industrial Estate, Bhandup, Bombay-400 078 
MODERN BALANCE WORKS, D 54/19 Aurangabad, Varanasi, UP. - 221 010 


OZR ELECTRO TECHNICS PRIVATE LIMITED, B-82, Road, A, Cooperative Industrial Estate, Satpur, Nasik 
422 007 Maharashtra. 


SHAKTI ELECTRICALS PVT.LTD, C-20, Industrial Estate, Jaipur-302 006 

SPARK ENGINEERING COMPANY, 152, 4th Main Road, Chamarajpet, Bangalore-560 018 
SPENCER & COMPANY LIMITED, 769, Anna Salai, Madras-600 002 

THERMAX PRIVATE LIMITED, Chinchwad, Pune-411 019 


UNITEK, Pazhanganad, Kizhakkambalam, Alwaye, Kerala-683 562 


XXIV Hospital Communication Systems 


1. 
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BPL INDIA, 32, Church Street, Bangalore - 560 001 


COPPER CONNECTIONS, 5-375, Greater Kailash-1, New Delhi-110 048 
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indian Telephone Industries in the country, ITI can design, 
Limited, India’s first Public Sector develop and manufacture 
Undertaking, is a pioneer in equipment tailored to meet your 
telecommunications and most challenging needs. ITI can 
manufactures the entire range of also take up turnkey jobs for 
telecommunications equipment complete telecom networks. 


from simple telephones to modern 
fibre optic systems and satellite 
communication systems. 


That's ITI. Bringing the nation 
closer through telecommunications 
technology and playing a key role 
Backed by some of the most in the communication revolution. 
talented engineers and scientists 


@yrt Indian Telephone . 
Industries Limited pe, 
(AL Goverment Of nda Erterpras) ys Y, 


49, Museum Road, Bangalore 560 001 A 
Units at: Bangalore Naini Srinagar ———<$—— 
Rae Bareli Palghat Mankapur 


Regional & Sub Offices all over India 


Not Just Telephones - Total Telecom Networks 


f 


R K SWAMY/ITI/3670 


When getting there is more critical 
than being there. 


Presenting the intensive-care of the new Tempo-Traveller ambulance. 


During an emergency, what 
counts most is the speed and 
efficiency by which the patient 
is rushed to hospital. 


That’s when the new 
Tempo-Traveller makes all the 
difference. Doing more for life 
than any other ambulance. 


Its dual leaf rear doors fly 
wide open so that the patient 
can be safely and comfortably 
moved inside. Aided by a wide 
and firm footstep that doubles 
up as a seat. 


The inside of the ambulance 
is so roomy that the attendants 
can move around freely while 

viding medical attention. 

never find a roomier 
rency clinic on wheels. 


The new Tempo-Traveller 
comes with factory fitted 
medicine cabinet, IV bottle 
hook, bracket with adjustable 
straps for oxygen cylinder, 
collapsible seats, stretchers, 
proven wailing horn and 
signalling equipment... 
the works. 


So if you are considering an 
ambulance for your hospital or 
organisation, choose the one 
that is best suited for you and 
your patient. 


Moaad/A110 /Rav 


Ask for the new 
Tempo-Traveller. Write in for 
full details. Ae 


And it cushions your patient 
from the humps and bumps of 
the roughest roads -with 
suspension that is engineered 
like that of a car. 

(Unlike other ambulances it’s 
not built on a truck chassis, 


My 
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And because of its Mercedes 
OM 616 diesel engine, it has 
the lowest noise level for any 
ambulance in India. 


Also available with 
airconditioning. 


WHEN YOU NEED WHEELS 
FOR A MISSION OF RELIEF 


MAHINDRA PROVIDES THEM. 


Hospitals. Abodes of compassion bat have to face emergencies. Any time. All 
the time. 


They have to be eens be on the move. Mahindra proviges a range of 
absolutely reliable vehicles fitted with the Mahindra XDP 4.90 Diese Engines 


that remain in pink of health even in conditions of utmost stress. 


And through CASA or CPS you can have them at export prices. That means a 
lot of savings.Being thoroughbred work horses that never tire or breakdown, 
they are economical to run. That means additional savings. 


Mahindra & Mahindra Limited 


; t, Automotive Products Group, 
Marketing oe po 'No! 13, Bombay 400 018, 
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ELECTRONICS CORPORATION OF INDIA LIMITED, Cherlapalli, Hyderabad -500 762 


INDIAN TELEPIIONE INDUSTRIES, Doorvaninagar, Bangalore - 560 016 


JOHARI ELECTRO-TECH CO., 28, Nehru Park, Jodhpur-342 003 


5. 
6. MARKETECH PRIVATE LIMITED, A-2, Dillu Apartments,S.P.Road, Secunderabad-600 003 
7. MICRO MEGA ELECTRONICS, 10A Madan Tolla Street, Calcutta - 700 006 
8. MODEX ASSOCIATES, 3-6-478/A&B, First Floor, Himayatnagar, Hyderabad-500 029 
9, PEARL ELECTRONICS GROUP, 108, Siddharth, 96 Nehru Place, New Delhi-110 019 
10. PRODUCT PROMOTERS, P.O.Box.3577, New Delhi-110 024 
11. SILVER AGENCIES, 129 Satguru Complex, First Floor, 5-9-30/21-30A, Bashirbagh, Hyderabad-500 029 
12. SUNEEL COMMUNICATIONS LIMITED, 301/6, Kaushalaya Park (East), Haus Khas, NEW DELHI - 110 016 
13. SUPER ELECTRONICS, Rustom Building, 29 V.N.Road, Fort, Bombay-400 023 
14. SUPERPHONE INDIA PVT LTD, 100, Government Industrial Estate,Charkop, Kandivli(West), Bombay- 
400 067 
15. SWEDE (INDIA)TELTRONICS LIMITED, Almas Centre, IV Floor, 87 M.G.Road, Bangalore-560 001 
16. TELELOCK ELECTRONICS, Chandabhai Building, Mangaldas Road, Bombay - 400 002 
17. UPTRON ,10, Ashok Marg, Lucknow - 226 001 
18. USHA ELECTRONICS, First Floor, Plaza Cinema, Connaught Place, New Delhi - 110 001 
XXV Security Systems | 
1. ABHITRON INDIA, 386, F/39, Mandodari Building, New Badam Wadi, Lamington Road, Girgaum, Bombay 
- 400 004 . 
2. ELECTRONIC SERVICES, D/21, Commerce Centre, Tardeo Main Road, Bombay - 400 034 
3. KUMAR ELECTRONICS, Dhanwate Chambers, Sitabuldi, Nagpur 
4. PRODUCT PROMOTERS, P.O. Box 3577, New Delhi - 110 024 
5. MCENGINEERING CO. (PVT) LTD, 20, Okhla Industrial Estate, New Delhi - 110 020 
6. NEW FIRE ENGINEERS PRIVATE LIMITED, 16, Industrial Estate S.K. Ahire Marg Worli, Bombay - 400 025 
7. RAMATRONICS, BLP Road, Sahibgunj - 816 109 
XXVI Laundry Equipment 
1. BATLIBOI AND CO., PVT. LTD, Apeejay House, Samachar Marg, Bombay - 400 001. 
2. NATIONAL STEEL EQUIPMENT (P) LTD, G.D. Ambedkar Marg, Dadar, Bombay - 400 014 
3. ALLIS INDIA LIMITED, United India Life Bldg., F Block, 2nd Floor, Connaught Place, New Delhi - 110 001 
XXVII Kitchen Equipment 
1. FARNAZ APPLIANCES, 19-21 Apurva Industrial Estate, Makwana Road, Andheri East, Bombay - 400 059 
2. HALDER & COMPANY, 188/2, A, Rai Bahadur Road, Calcutta - 700 053 
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RALLI COMPUWASH 


Economical, hygienic, fully automatic 
Washer-Extractor 


Rallis India Ltd. in collaboration with Inamoto of Japan, have recently 
introduced a computerised industrial washing machine. Ralli Compuwash. 


Incorporating the latest microprocessor-based technology, Ralli Compuwash 
is ideal for hospitals as it can be programmed to starch uniforms and even to 
remove stubborn chemical stains, at very economical rates. Thus ensuring a 
cost-effective and regular supply of spotless linen. 


In addition to washing clothes, Ralli Compuwash also extracts excess water, 
reducing messy unhygienic spills. Furthermore, the machine is very easy to 
use and even an unskilled operator can learn within a few hours. Rallis has 
Set up a special Customer Service Cell to help with planning, installation and 
operation of the in-house mini laundry. 


Ralli Compuwash is available in 3 sizes: 35 kg, 50 kg and 100 kg, to take on 
the daily loads of the largest hospitals. Smaller hospitals and nursing homes 
can utilise any excess capacity by arranging to take on washing contracts for 
outside agencies. If necessary, Rallis can help organise such contracts so 
these establishments can extract maximum benefits from their laundry 
complex. 


Let United India take the worry out of 
those two words hovering in your mind. 


VI 
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.,, your ageing father 
suddenly develops 4 kidney 
condition 

. MILCUUVE SIIESS takes its 
toll on your health, without arty 
warning, 

, , Your sporty, over-active 
son suffers a fracture. 

This is not a list of things 
that could go wrong. 

God forbid. 

This is just to tell you: 
thousands of people al! over the 
country are discovering 
Mediclaim — the simplest way to 
tackle rising medicare costs 
beyond your reach. 

The reimoursement scheme 
gets you upto Rs.17,600 worth of 
hospitalisation expenses for just 
Rs,.250. 

Whether we like it or not, 
life has its ups and downs 

SO On your way to work 
tomorrow, drop in at your 

P nearest Ul office. Surely, you'll 
agrec... 

It’s better to Re Mediclaim-safe 
than sorry. 


MED CLA 


UNITED INDIA 
INSURANCE CO. LTD. 


(A sitttihary Of the Genera reurance Corporamon of ir 
94 Whites ¥oad, Madras 600 074 


HTA 7260 


IT 


So 


See 


3 KHODAY ENGINEERING, 94, Kannayakana Agrahara, Bangalore - 560 061 


; ; 7 1 Assam 
4. SAVIO SYSTEMS PRIVATE LIMITED, Ambari (near Railway Crossing) Guwahati 781 00 


5. MAZMACO MANUFACTURING CO.., 5 Datta Mandir Road, Bhandup, Bombay - 400 078 


6. NATIONAL STEEL EQUIPMENT (P) LTD, G.D. Ambedkar Marg, Dadar, Bombay - 400 014 


XXVIII Hospital Aseptic Furniture 


1. ASIAN SURGICALS CO., Station Road, - Nampally, Hyderabad - 500 001 


9. DUROFLEX COIR'INDUSTRIES (P) LTD, P.B.No 224, Chungom, Alleppey - 688010, Kerala 


3. JM PAREKH, 24- Palkhiwala House-Ground Floor, lst Dhobi Talao Lane, Bombay - 400 002 


4. JANAK SURGICAL CO., 5-8-107/B Nampally Station Road, Hyderabad - 500 001 


5. ANDHRA SURGICAL EMPORIUM, 5-8-107/B-Nampally Station Road, Hyderabad - 500 001 


198 - Lokmanya Tilak Marg, Crawford Market, Bon 


‘ 


6. M/SD SHAH &Co., 24-Shardar Griha Building, 
400 002 


7. APOLLO SURGICAL CO., Shop No. 8, Ground Floor, Raheja Complex, 834, Mount Road, Madras - 6¢ 
8. BOLE BROTHERS, 49- Shyamaldas Gandhi Marg, Princess Street, Bombay - 400 002 


9. HOSPINS SURGICAL SYSTEMS, 31/8 Natesan Street, 1st Floor, Next to Siva Vishnu Temple, T.naga 
Madras - 600 017 


| 10. HITRA EQUIPMENTS, Kambata Lane, Opp: Victoria Gardens, Post. Byculla, Bombay 400 027 
11. SURGIMENT PVT. LTD, Corporate Office-55, Museum Road, Bangalore - 560 025 
12. ESCORT SURGICALS ENTERPRISES PVT. LTD, 5-8-107- Station Road, Nampally, Hyderabad - 500 
i is Sees Vg | O SURGICAL TRADING CO., 791-Lajpat Rai Market, Opp - Red Fort, Delhi - 110 006 
14. SAHNISON PRIVATE LIMITED, 4/14-A/Asaf Ali Road, New Delhi - 110 002 


15. METAL BEDS INDIA, Janak Mfg. Works, Janak House Opp-IOC Depot, Shaikh Misry Road, Wadala 
Bombay - 400 037 on 


16. USHASERVICES & CONSULTANTS (P) LTD, 3, Cama Place, New Delhi - 110 066 
17. SIVA ENTERPRISES, 12-12-8 Old Club Road, Rothapet, Guntur, - 522 001 Andhra Pradesh. 


18. .STEELAGE INDUSTRIES LTD., Opp. Post Office, Mazagaon, Bombay - 400 010. 


Serum Institute of India Ltd. has a well-integrated organizational set-up, with departments headed by ex 
ally competent persons. Production, R & D and Quality Assurance being located at Hadapsar, Pune, Mah 
other activities such as marketing, finance and administration are at Bombay and Pune city : SSrum Ins 
India Ltd. meets the major portion of the requirements of Government of India for the National Programm 
munization (EPI) to supply highly potent vaccines. Thanks to the EPI programme and Serum Ba is 
contribution to this, the infant mortality rate has been showing downward trend in our country. Serum Fe 
India Ltd. also manufactures life saving blood products like Cryoprecipitated Ante Geman Factor Si 
Albumin, Sii Gammaglobulin, etc. : 


Serum Institute of India has a well maintained animal house for testing of raw materials, intermediat 
ished products to maintain the highest possible standards, some of which are even higher ime ae 
pharmacoepial standards, e.g. RIA testing for Hepatitis B Antigen being done at ee 
not mandatory. | g Serum Institute of India 
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As Pioneers, Sintex has given 


people count on Sintex. Making them 
excellent performance for nearly 


the largest selling plastic water tanks 


os 
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15 years Withstanding all the tough 
and rough Indian conditions. 
Dotting the Indian scene with lakhs 
and lakhs of installations-from 
Kashmir to Kanyakumari and Kutch 
to Kohima. Proving popular for all 
the water storage and carriage 
applications. The proof enough to 
understand*why more and more 


Vertical Tanks 
Upto 25,000 Lits.. 


Loft Tanks 
upto 500 Lits 
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OFFICES AT: 


in the world. After all sky is the limit 
for the real Innovator. 


For further information contact; 


cf? SINTER PLAST 
X CONTAINERS 


Plastics Division: The Bharat Vijay Mills Ltd.. 
KALOL (N. GUJARAT) 382721 

Phone. (02764),2228.3144,.3145 Gram: "“SINTEX 
Telex: 01205-202 SPC IN Fax: (02764) 2436 


Household Containers 
upto 400 Lits 
| 
WY Horizontal 
Tanks 
upto 20,000 


D’S NO.1 PLASTIC TANKS 


Bidhan-SPC/139/89 
0 009 


AHMEDABAD : 903 Shilp Building. Opp. Navrangpura Telephone Exchange, Navrangpura, Ahmedabad - 38 
Ph — 468030/468730. Gram _SINMOULD, Telex: 1216102 SPAM IN. BARODA: 209, World Trade Centre, Sayajigun}; 
Baroda - 390 005. Ph. *327018/327019, Telex 0175-693 SPCB IN. BOMBAY : 18 World Trade Centre, Cuffe Parade 
Colaba, Bombay - 400 005 Ph  211653/217869, Gram ROTOPLAST Telex 011-3171 SINT IN. BHOPAL : Piot-40 
Zone ||. Maharana Pratap Nagar. Bhopal. Ph | 66693/65894, Gram SINTEX CALCUTTA: 230-A, A.J.C Bose Road 
Calcutta - 700 020. Ph °434596/447817. Grarn : ROTOMOULD, Telex 21-4793 SPCC IN DELHI: GF-3 Osian 
Building. 12 Nehru Place, New Delhi- 110019.Ph -6444941/6464182, Gram SEAMLESS, Telex 0031-62338 SEAM IN 
HYDERABAD : Block No. 301. Third Floor. ‘Swapnalok’, 92/93 Sarojini Devi Road Secunderabad - §00 003 
Ph 229521 JAIPUR : B-4 Rajpura House, New Colony, Jaipur-302 001, Ph. 60510 LUCKNOW: A-797. Indira Nagar 
Lucknow-226016, Ph 78347. MADRAS : 166 Anna Salai, Madras - 600 015. Ph 410090 

Gram ROTOPLAST, Telex 041-8189 SPC IN 
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PLASTIC 
SECTIONS 


Hees sai si 
Sambi. BeeE Seas 


The best alternative to plywood, 
particle board and 
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Rathracm Goan Kitchen Cabinet 


Plastic Sections have earmed the reputation Unbeatable Advantages of Sintex: 

of being far superior to plywood, particle @ 100% termiteproof waterproof, weatherp! 
board, block board and prelaminated ® Completely maintenance-free 

particle board all over the world. © Self-extinguishing (prevents fire from 
Sinter. Plast, makers of Sintex World’s No.1 spreading) 

Plastic Water Tanks, now bring you a ® Very easy to work with 

variety of plastic sections based on special ® Heat, dust and sound insulating 

PVC compounds to save trees and forests. © Free from splitting.cracking, warping, 
With Sintex Plastic Sections you can rusting, decaying, corrosion 

virtually make everything possible in wood 
like partitions, cabins, false ceilings wall 
panelling, boxes, cabinets, benches, 
pelmets, etc. 


For further information contact: 


>’ SINTER PLAST CONTAINE 


Plastics Division: The Bharat Vijay Mills Ltd. 
KALOL (N. GUJARAT) 382721 


Phone: (02764), 2228, 3144, 3145 Gram: “SINTEX" 
Ss Telex: 01208-202 SPC IN. Fax: (02764) 2436 


From the makers of §Afj§GK World's No.1 plastic water ta 
a a a eee 


OFFICES AT: | Bidhan-SPC-13 
AHMEDABAD : 903 Shilp Building, Opp. Navrangpura Telephone Exchange, Navrangpura, Ahmedabad - 3§ 
Ph. : 468030/468730, Gram : SINMOULD, Telex : 1216102 SPAM IN. BARODA: 209, World Trade Centre, Saya 
Baroda - 390 005, Ph. : 327018/327019, Telex : 0175-693 SPCB IN. BOMBAY : 18 World Trade Centre, Cuffe F 
Colaba, Bombay - 400 005, Ph. : 211653/217869, Gram : ROTOPLAST, Telex : 011-3171 SINT IN. BHOPAL : P 
Zone II, Maharana Pratap Nagar, Bhopal, Ph. : 66693/65894, Gram: SINTEX. CALCUTTA: 230-A, A.J.C. Bose 
Calcutta - 700 020, Ph. : 434596/447817, Gram : ROTOMOULD., Telex : 21-4793 SPCC IN. DELHI : GF-3 
Building, 12 Nehru Place, New Delhi- 110019, Ph. 16444941/6464182, Gram :SEAMLESS, Telex: 031-62338 SE 
HYDERABAD : Block No. 301, Third Floor, ‘Swapnalok’, 92/93 Sarojini Devi Road, Secunderabad - 5C 
Ph. : 229521. JAIPUR : B-4 Rajpura House, New Colony, Jaipur-302 001 ,Ph.:60510.LUCKNOW: A-797, Indira 
Lucknow-226016, Ph. : 78347. MADRAS : 166 Anna Salai, Madras - 600 015. Ph. 410090, 
Gram : ROTOPLAST, Telex : 041-8189 SPC IN. 
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LIST OF ISHA PRICED PUBLICATIONS 


ANNUAL CONFERENCE REPORTS 

Health For All By 2000 AD (1980) 

The Role of Hospitals in Health Care (1981) 

Health Manpower Requirements for 2000 AD (1982) 

Role of the Health Administrator in India (1983) 

Financing of Health Services in India (1984) 

On Growing Needs of Urban Health Management (1985) 

Cost Reduction in Hospitals and Health Care (1986) 

Health of the High Risk Groups: Mothers, Children and Elderly (1987) 
Health of Women and Children for Development (1988) 

Health Care for the Villages and Urban Slums (1989) 

JOURNALS 

Health Institution Building in India 

Role of Voluntary Agencies in Health Care in India 

Community Participation in Health Care in India 

Role of International Agencies in Health Care in India 

Application of Management Sciences to Hospitals and Health Care - I 
Planning and Management of Child Health Programmes 

Planning and Management of Nutrition and Health Programmes 
Planning and Management of Leprosy Programmes 

Computer Applications to Hospitals and Health Care 

Application of Management Sciences to Hospitals & Health Care-II 
Planning and Management of Public Health Programmes 

BOOKS 

Stress and Health of Executives and Professionals 

Hospital and Health Administration 

Hospital Planning, Organisation and Management in India 

Health Policy, Programming and Evaluation in India 

Modern Technology for Hospitals and Health Care* 

Alcoholism and Health (Prevention, treatment and rehabilitation of Alcoholics) 
Guide to Retirement Planning and Health 

Management for Nursing Administrators 

Health of the Metropolis - Bangalore 

Leadership and Human Resources Development for Health Care 

11 Community Participation in Health and Family Welfare - An Indian Experience* 
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Prices (including postage) 


India Foreign 
Surface mail Air mail 
‘Journal Rs. 25 $15 $ 25 
Annual Conference Report Rs. 50 $ 30 $ 50 
Book Rs. 50 $ 30 $ 50 


*Rs. 100 $ 40 $ 60 


ISHA Sourcebook of 


MODERN TECHNOLOGY FOR HOSPITALS 
AND HEALTH CARE 


A must for every Hospital es ids Physician, 
General Practitioner and*Health Professional 


Indian Society of Health Administrators (ISHA), Bangalore is a premier society of 
medical and non-medical professionals, established in 1979 to bridge the gap 
between the actual and desirable state of health services in India through 
professional development of health personnel. It has 25 Regional Offices, large 
membership of individuals and institutions; organises annual conferences; 
training programmes at national, state and institutional levels; engages in 
research leading to policy formulation and effective programme management; 
provides consultancy services to national and international organizations, and 
Central and State Governments; publishes the Journal "Health Administrator" 
and guidebooks and reports to professionalise health systems and contribute 
towards professional development of health personnel. Plans are under way to 
start a full-time Post-Graduate programme and correspondence programme in 
"Health and Hospital Administration". 


Recent decades have seen an explosive growth and introduction of modern technology in hospital and 
health care. Quite apart from the technology involved in research and formulation of newer drugs, the 
advances in diagnostic and therapeutic technologies, today, require far more complex decision-making 
by physicians and hospital and health administrators - the decision could be, whether to request for a 
test on a patient or not, whether to buy an equipment or not, and even whether to modernize a hospital 
or not. 


The complexity of decision-making stems from several factors. Some of these are: newer diagnostic 
modalities (e.g. Magnetic Resonance Imaging) being introduced claiming a quantum jump in diagnostic- 
therapeutic capabilities; newer and newer modifications of pre-existing models; high capital costs of 
these equipments (in some cases running into crores of rupees); availability of scanty information on 
the useful and viable applications; and even scantier information about their impact on the overall 
patient outcomes. These factors are further compounded by aggressive marketing by the 
manufacturers. 


In this situation, it is extremely important to be update on the basic principles of the technology, 
medical applications, additional benefits to be gained by acquiring the equipment, and most important, 
the impact it would make on patient outcome. This first edition of the ISHA Sourcebook covers a whole 
range of specialities, from cardiology and medical imaging to, computers in hospital and health care 
management. The Book seeks to update the health professionals on the perspectives and applications 
of various modern technological devices in the respective medical fields. It also presents carefully 
selected articles reviewing the utility, experience and limitations felt with certain major technologies. 


While attempting to bridge the information gap, we have also attempted in this Book, to serve the needs 
of specialists and general practitioners who would like to be update on recent technological advances, 
not only in their own speciality but also in other specialities. This is vital not only for academic interest 
but also to make a rational decision, whether for intelligent referral of a patient for investigation and 
treatment, or for scientific management of hospital and health care. 


Of course, for hospital and health administrators, the Book would also greatly aid in avoiding costly 
mistakes, which would result in maximal utilization of existing scarce resources, and minimize misuse 
of equipment and unethical practices: 


